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ORDNANCE SURVEY OF THE KINGDOM. 



There is perhaps no great national work in this 
lountry which has hitherto been so little appre- 
ciated or understood as the Ordnance Snrvey. 
Certainly geographers and men of science, both at 
home and abroad, have learnt to estimate it at its 
true woi-th ; but, except in Ireland and Scotland, 
where it has made more progress than in England, 
and where its uses and advantages are somewhat 
better knownj the general public are by no means 
fiilly alive as yet to the great national value of 
accurate large-scale national maps. It has been 
the fashion to abuse the Survey well, as a slow and 
apparently endless "job," contrived and carried on 
chiefly for the benefit of country gentlemen and 
landed proprietors, and for the edification of our 
military Engineers, The proposal for the annual 
vote gives an opportunity each year for a few choice 
spirits in the House of Commons to raise an illogi- 
, cal lament over its continuance. Now and then 
JBome gnimbler writes to ' The Times,' displaying 
1 astounding ignorance of the whole subject of the 
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survey, and fostering the popular misconception : 
■while, on the other hand, the Director-Oeneral's 
annual reports to Parliament, and the volumes, 
containing investigations of the highest order in 
geodetical science, which are from time to time 
issued by the department, share the usual fate of 
Blue-books and official publications, and excite but 
little attention outside official spheres. 

The Survey, nevertheless, is gradually but surely 
making way in public esteem. So sensible are 
people at last becoming of its importance and use- 
fulness, that several urgent appeals have lately 
been made for Government to grant the necessary 
funds for its speedy completion. Mr. Wren Hos- 
kyns's motion last year in the House of Commons, 
Lord Derby's proposal for a new Domesday Eook, 
and Sir. Galton's speech befoi-e the British A sso- 
ciation at Brighton, all sound tlie same note — the 
hastening and utilisation of the maps of the Ord- 
nance Survey. Under the able administration of 
Sir tienry James, assisted by an accomplished 
head-quarter staff, the department has risen of late 
years to a state of the highest efficiency, and is 
admitted, by all who have the means of judging 
fairly in the matter, to rank among the foremost, 
if not as the first, of our Government establish- 
ments. Foreigners readily acknowledge its pre- 
eminence. The committee of officers, appointed 
by the French ministers to examine the maps, plans 
ind pubhcations of the topographical departments 
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if all nations represented at the Parw Exhibition 
1867, reported of the Ordnance Survey that it is 
." a work without precedent, and should be taken 
'As a model by all civilised nations." We believe 
l^Le subject to be one which only needs ventilating 
to ensure its due populai-ity and appreciation, and 
Tre accordingly set ourselves to the task of ex- 
tracting from the Blue-books and reports upon the 
Survey a short account of its histoiy and present 
condition, its objects, mode of executiou and future 
prospects. 

The ti'igonometrical survey of the United King- 

.om may be said to have been begun eighty-nine 
years ago. Astronomers of that day were desirous 
that the difference of longitude between the Green- 
wich and Paris observatories should be ascertained 
■hj trigonometrical measurement ; and, under the 

,nspices of the King and of the Eoyal Society, 
General Eoy, R.E,, in April, 1784, began our part 
of the task by the measurement of a base-line on 
Hounslow Heath, which was to serve as the starting- 
point of a series of triangles to be extended to 
Dover and across the Channel. This work was 
can-ied out, a connexion with the French triangu- 
iation behig established in 1786. Soon after this, 
tlie Government decided on having a general survey 
made of the entire kingdom, on the scale of one 
inch to a mile, for military purposes ; ard General 
Eoy's triangulation in the south-eastern counties 
became the basis of the Great Triangulation, whiQh 






was gi'adually extended o'\'er the whole of the 1 
British Isles, and finished twenty years ago. Under \ 
the successive superintendence of Colonel Williams, 
E.A,, General Mudge, E.A., and Colonel Colby, 
E.E., assisted by Engineer officers and private am-- I 
veyors, the one-inch survey, not without consider- 
able inteiTuption consequent upon the wars then 
going on, was carried northward through England 
and Wales, and by 1 824 had reached tUe southern 
borders of Yorkshire and Lancashire. 

At this time it became necessaiy that a survey 
of Ireland should he made, on a lai-ge scale, as a 
basis for a general land-valuation. On Colonel 
Colby's recommendation, the scale of six inches to 
a mile was agreed to: the work in England was' 
suspended, and the force transferred to Ireland, 
non-commissioned officers and men of the Engin- 
eers being now for tlie first time associated with 
the officei-a in the duties of the survey, on the sa 
system as at present. So valuable did the six -inch 
map of Ireland prove, for many purposes over and 
above that forwhich it had been expressly designed, 
that in 1840, when the Irish survey was completed 
and that of England resumed, the Goveniment 
gave their consent to the adoption of the same 
scale for the unsurveyed parts of Great Britain, 
By 1 851j Yorkshire, Lancashu-e, the Isle of Lewis, 
and several counties in the south of Scotland were 
finished on the six-inch scale. Then began that 
long controversy which has been well termed tlie 



"battle of the scales," and which for eleven or 
twelve years seriously retarded the progress of tho 
survey, and led to a large waste of public money. 
Between 1851 and 1862, no fewer than three 
Select Committees, and one Royal Commission, 
deliberated on the scale for the sui'vey, and fourteen 
Blue-books were presented to Parliament. In 1851 
the sis-inch scale was stopped, and the one-inch 
reverted to; in 1852 the six-inch was ordered 
again. In 1853-4 the Director of the survey was 
for fifteen months without orders for any scale at 
all. In 1854 the scale of ssVir was partially 
adopted; in 1856 Parliament sanctioned the pro- 
secution of the work on this scale ; in the following 
year they refused the money for canying it out. 
The department was well-nigh paralyzed by all 
this indecision and change, and by the constant 
fluctuations in the amount of the annual grant, 
which led more than once to the sudden dismissal, 
with pensions, of large numbers of civilian work- 
men, soon to be followed by their sudden re- 
engagement. On two occasions, large tracts of 
country had to be surveyed a second time, owing 
to changes in the orders as to scale. Altogether, 
in the ten years prior to 1862, a sum of at least 
30,000^. was absolutely wasted in consequence of 
the vacillation of Parliament. 

The main point of the controversy was whether 
the six-inch or some larger scale was best fitted 
for the national map, A host of persons eminent 
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in science were consulted on the subject, and greal 
diversity of opinion was found to exist, the weight 
of evidence however inclining, by a majority of" 
four to one, to a scale of from 20 to 26j inches to 
a mile. In 1853, a Statistical Conference held at 
Brussels, and attended by twenty-six delegates 
from the chief States of Europe, considered the 
question of national maps or cadastres, and pro- 
nounced unanimously in favour of a scale of 23s\joth 
of nature, equivalent to 25*344: inches to a mile, 
and therefore commonly stj'led with us the 25-inch 
scale ; recommending, however, at the same time, 
that the cadastre, ov plan parcellat're, on this scale 
should be accompanied by a more general map, a 
tableau d" assemblage, on the scale of roogoj equi- 
valent to 6-336 inches to a mile, and thus very 
nearly coiresponding to our own six-inch scale. 

The exact derivation and meaning of the Fi*encli 
term cadastre are not free from dispute. Some 
authorities refer it to the verb cadrer, to " square " 
or " correspond with," all objects on a large-scale 
plan or cadastre being shown in their true positions 
and proportions, whereas in a mere topographical 
map aimUar accuracy is impossible, and certain 
features must needs be exaggerated for the sake of 
distinctness. The "Dietionnaire dcs Dictionnaires,' 
on tlie other hand, derives cadastre (fonnerly cap' 
dastre) from the medijeval- Latin word capitastrum, 
(from caput, "head," because formerly people were 
taxed, and afterwards properly), and defines it as 
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" a public register, cDntaining the qtiautitj' and 
value of lanileJ property, names of owners, &c., 
and whicli serves for the assessment of the tax on 
property in proportion to its revenue." Brachet 
gives muck the same description, but speaks of 
caput as bearing, in classical Latin, the sense of 
" amount of a contribution." But in the " Recneil 
des Lois et Instructions sur les contributions 
directes," the cadastre is defined as *' a plan fi-om 
which the area of land may be computed, and from 
■which its revenue may be valued." This, there 
can be no doubt, is the sense iu which the word is 
used on the Continent, while in England it is tjtken 
as denoting generally a smvey on a large scale. 

Let us now briefly examine the arguments in 
favour of the cadaati-al scale of 230D, reconmiended 
by the Brussels Conference, whereby a mile on the 
ground is repi-esented on the plan by the somewhat 
awkward number of 25"344 inches— why is this to 
te prefen-ed to a scale of a more exact number of 
inches or feet to a mile. It is evident, in the first 
place, that, for purposes of international compari- 
son aud uniformity, the Government plans of all 
countiies should be on simple natural scales, 
that is to say, on scales according to which tlie di- 
mensioua of objects as represented on the plans 
bear definite aud easily remembered mimerical 
proportions to theii' actual lineai- measures, and 
which are independent of any exact relations be- 
tween conventional uuits of length, such as inch 
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Tlie final instructions, then, for the publication 
of the surveys of the United Kingdom may 
summed up as follows; of the progress made i 
shall speak hereafter : — 

1. A topographical map of tlie whole of Grej 
Britain and Ireland, on the scale of one inch t 
mile, or ssiuo- 

2. County plans of the whole of Great Brita 
and Ireland, on the scale of six inches to a mil 
or tdJ^u- 

3. Pariah plans, on the scale of as'oiTi or 25"2 
inches to a mile, of the cultivated districts in Eng-~ 
land and Scotland, excepting Yorkshire, Lanca- 
shire, the Isle of Lewis, and six counties in the 
south of Scotland, previously finished on the six;- 
inch scale ; (these, however, we may suppose, will 
be revised to the 25-ineh scale, when the rest of 
the country is finished).* 

4r. Plans, on the scale of zhoi or 12fi'72 inches ■ 
40 a mile, of all towns with more than 4000 inhaVI 
dtants,f excepting London and Its environs, fori 
which the scale of 60 Inches to a mile has beea 
"Selected. 

The relative aiTangement and proportions of thq 

* The county of Dublin liaa alao been Bpecially published ffl 
■the 25-inch sciile, at the rtquest of the Chief Valuator fi 
Ireland. 

t Prior to this order, a number of towns had bet 
-lished on the scales of 6 feet or 10 feet to a mile. Probablra 
lonrever, in the course of time the whole of the towns (Londof 
•excepted) will be published on the one uuiform ecale of ^ J J 



plans on the three laat-mentioneil scales will perhaps 
be made cleav to the I'eader hy the following 
description. A sis-inch plan is a rectangle 36 
inches by 24, thus including 24 square miles of 
country, or 15,360 acres. If this be divided into 
10 rectangles, 9 inches by 6, each of these rectangles 
marks the portion of eountiy included in a plan on 
the 2^00 scale : such portion will evidently be l^- 
miles long, by 1 mile wide, equivalent to 900 
acres ; and the plan, when drawn to scale, will 
measure 38"OlG inches by 25'344 inches. If one 
of the small rectangles be further divided into 
twenty-five smaller ones, measuring 1'8 inch by 
1-2 inch — corresponding to Atlis of a mile by Aths 
of a mile, or superficially 38'4 acres— each of these 
will represent the portion of ground included in a 
plan on the zho scale, which plan, when drawn, 
will measure the same as a ^-^qs plan. It seems a 
pity that, in place of the scale of six inches to a 
mile, or yoieo, the fi-actional scale of -nrJoTi, I'ecom- 
mended by the Brussels Conference, could not have 
been adopted for our county maps. It would have 
been a definite proportional of the scales of the 
palish and town plans, and the sheets in all three 
cases would have been of precisely the same dimen- 
sions. But we were by this time too far pledged 
to the six-inch scale, which had been adopted for 
the engi-aved sheets of all li-eland, and part of 
England and Scotland. Similar reasons, doubt- 
3S, prevented the rejection of the one-inch (gaJgc) 
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in I'avour of a more simple fractional scale, silch'J 
as s^oifto, or rsjtnr, for om- topographical map. 

The one-inch sheets are an-anged without refer- 
ence to the sheets on other scales. Those of Scotland 
are drawn to a central meridian for that country, 
on Flamsteed's modified projection. Ireland also 
has its own meridian; but the special projection 
employed could hardly be made clear without 
a tedious digression. It is to be regretted that tlie 
early one-inch sheets of England and Wales were 
not constructed unlfonnly to one proper geomet- 
rical projection for the wliole country. As it is, 
tbe south-eastern counties were drawn with refer- 
ence to the meridian of Greenwich, those of Dorset 
to the meridian of Black Down, those of Devon 
and Cornwall to the meridian of Butterton Bill, 
and so on. It is evident that the sheets thus con- 
structed cannot be fitted accurately together, so as 
to foim one complete map, on which all objects 
would appear in their true relative positions. Tlie 
mistake, however, is being remedied. One central 
meridian, tliat of Delamere, in Cheshire, has been 
adopted for England and Wales. The sheets of 
the six northern counties have all been laid out 
with reference to it, on a similar projection to those 
of Ireland ; and the new sheets in the south, as 
they are gradually prepared in connexion with the 
cadastral survey, are being adapted to the same 
uniform system. The one-inch map of England 
and AYales is being published, like that of Ireland, 
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in quarter-sheets, each 13 inches by IS inches, and 
containing 21 6 square miles. The Scotch one-inch 
half-sheets measure 18 inches by 24 inches, each 
one thus containing 432 square miles. 

The six-inch sheets are constructed sepai-ately 
for each county, with reference to a central meridian 
for that coimty, except where two or three counties 
lie so well north and south of one another tliat the 
same meridian serves for more than one. 

We have seen why the fractional scale of j^'^^, 
was chosen in preference to tlie nearly equivalent 
scales of three chains or four chains to an inch. 
It will be well at this point to explain briefly the 
reasons in favour of any such large scale at all. 
The maxim that a countiy, in undei-taklng a 
national survey, practises a wise economy in 
making it once for all on a scale large enough to 
subseire every necessary public purpose, admits of 
easy proof, so far at least as this kingdom is con- 
cerned. It is a cardinal axiom with topographers 
that, though a parent survey can be reduced, it 
cannot with accuracy be much enlarged, A siu'vey, 
for instance, once made for the 25-inch scale, is 
capable of easy i-eduction by scientific processes to 
the six-inch, one-inch, or any such smaller scales as 
may be desired, more and more of the unnecessary 
details being omitted as the scale is reduced. On 
the other hand, a survey made with the view of 
being published on the one-inch scale only, or even 
the six-inch, is inadequate for a map on tlie 25-inch 
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scale ; even if the inerisurementa, so far as they go, 
be accurate enough, the whole must be re-plotted 
and tested, and many details must be added ; raui 
of the work, in fact, will need to be gone 
again, at gi-cat additional expense. But in this 
country, the extra cost of making the survey in the 
first instance for the 25-inch scale bears only 
small proportion to its cost as for the six-ini 
Down to the completion of the manuscript pli 
the additional expense does not exceed 13 or L 
per cent. ; while the cost of publication is the 
acre for acre, on either scale. Unless, then, it eail' 
be shown that a six-inch map adequately fulfils all 
national pui-poaes (for the one-inch is out of the 
question), the difference between its coat and thi 
of a 25-inch map is so slight that preference shoi 
certainly be given to the latter, which furnishes 
the materials for publication on the smaller scah 
as well. 

The public purposes which a national map should 
subserve, apart from those which are purely geodeti- 
cal or geogi'aphical, are too numerous and extensive 
for us to discuss here in detail. Amongst the chii 
of them are the following; the valuation of propei 
for the equitable adjustment of taxation and assess? 
ment ; the sale and transfer of land, and the 
tration of title ; railway and other civil engineeru 
works, such as the construction of roads and canals; 
large sanitary and drainage schemes ; military en' 
gineering works ; hydrographical, geological, am 
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minei-al siu-veys ; the reclamation and improve- 
ment of waste lands, and of land from tlie sea ; 
transactions affecting; land as between landlord and 
tenant ; statistical surveys ; the setting out and ad- 
justment of parochial and other public boundaries; 
and su forth. It has been amply proved by the 
best evidence on the subject that in this countiy a 
map, with levels, on a scale of something like 25 
inches to a mile, is the smallest which can properly 
fulfil all these requirements. We will adduce but 
one instance out of many in sujjport of this view. 
The sis-inch sm-vey of Ireland is held to be one of 
the most valuable acts of practical government 
that has ever been carried out in that country. The 
maps were regarded at the time of their production 
as unrivalled specimens of topogi'aphical art. They 
came into almost universal use in all dealings which 
related to the acreage of land. The Income-tax, 
as collected according to the valuation founded on 
the basis of the Ordnance maps, exceeded the 
amomit previously collected by nearly £50,000 a 
yeai", the Chief Valuator nevertheless stating that 
the cost of the valualion would liave been di- 
minished by one-fourtli, if not by one-third, had 
the plans been drawn on the 25-inch scale. But, 
when the Encumbered Estates Court, or, as it is 
now called, the Landed Estates Coiu't, was esta- 
blished, the Hix-inch maps were found to be utterly 
insufficient for the purposes of land-sales under the 
.ii-isdietion of th.^^ Court. The estates accordingly 
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had to be revised to tlie 2fi-mcli scale. This re- 
viBion is still in pi-ogress, and already about 2000 
square miles, or more than one-seventeenth, of the 
whole of Ireland, have thus been redrawn since 
1869, at the expense of the suitors at the Court. 

The history of the large sums %vhich, even 
within the last thirty years, have been from time 
to time expended on incidental surveys, for vaiious 
public pui-poses, also furaishcs an instructive lesson 
on the economy and advisability of beuig provided 
with a systematic national cadastre. In 1842, 
when t!ie Tithe Commutation Act passed, a de- 
mand arose for a great number of plans on a large 
scale. That demand was supplied by plans got 
up in a hasty and impromptu manner, on diSert 
scales, on no uniform principle, and without 
ferencc to any general system of triangulation. Of 
12,000 tithe-plans tlma prepared, and extending to 
three-fifths of the country, about one-sLxth only are 
of a iirst-class description ; many of the remainder 
are very imperfect and inaccurate, some of them 
indeed scarcely worthy of tlie name of plans, and 
useless for public pui-poses. Two millions of money, 
a sum which would have more than paid for a 
25-inch national survey of England, were thus 
spent on plans which can never be juxtaposed so 
as to form a national cadastre, and which would 
not have been needed had a cadastre existed. But 
tliis is not all. When the operations of the Tithe 
Commission were aftei'wavds extended to other 
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objects, inanj' of the maps were foiinil to be inade- 
quate to any but the special purpose for ivhich 
they had been designed, and miicli of the work had. 
to be done over again. In 185G, the Inclosure 
Commissioners spent £40,000 for fresh surveys 
and maps; these too, unfortunately, being made on 
no uniform system. Ou the occasion of the railway 
mania, in 1845, another immense demand arose for 
maps for railway surveys. Thice-fourths of the 
tithe-plans proved useless for this pui-pose. A 
sum of about £250,000 was spent on surveys fo) 
the railways which were actually canied out, 
£200,000 of which might have been saved had 
there been a national cadastre ; to say nothing of 
the cost of negotiations with landowners, much of 
whicli would have been avoided had there been 
Government maps on which owners of property 
conld have relied. Besides this, hundreds of 
thousands, almost millions, were expended on 
surveys for lines which were got up in a hurry, 
and then abandoned from the want of proper maps 
with levels. 

AVe might go on multiplying instances in which 
enormous suras of public money have thus been 
absolutely squandered. Enough has, however, 
been said to prove the importance and economy of 
having a good cadastral plan of the country, and 
the policy of making it, while we are about it, on 
the 25-iiich scale. The maxim that what is worth 
I doing at all is worth doing well is eminently true 
^^ 11 2 
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of our natioiiJiV survey. The triaiigiilation, wbicli 1 
forms no inconsiderable part of the whole cost and] 
trouble of a survey, was finislied, and brought tod 
mathematical perfection, by 1858. It formed i 
framework on which a sui-vey on any scale what-' | 
ever might be carried out. Having completed | 
this, it would have been in the highest degree,] 
impolitic to stop short at the six-inch scale, for the I 
sake of saving 13 or 14 per cent., and withthe^i 
almost certain prospect of having sooner or later 
to do much of the work over again. We may well i 
rejoice that the Government were led to take a large 
and enlightened view of the question, and Blr 
Henry James is certainly entitled to the thanks of 
the countiy for the far-seeing ability and persist- 
ency with which, in the teeth of much opposition, i 
he pressed and successfully maintained the true J 
policy of executing our national sui'vcy thoroughly, 
once foi' all. 
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The Great Teiangulation. 

The principal triangulation of the British Isles s 
was begun, as we have already mentioned, in 1784, , 
and finished in 1852. By means of it, the positions i 
of about 250 ti-igonometrical points in all parts of ^ 
the country have been determined with the mosl 
I'tfined precision. From the Shctlands to tin 
Seilly Islands, and from Valentia to Lowestoft, t 
whole kingdom has been covered witli a gi-eat net<l 
work of imaginaiy lines, the lengths of which art 
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so accurately knoi\ni tliat the computed distance, 
for example, bebveen Snowdon iii Wales and Slicve 
Donai'd in Ix-eland, though upwaitls of 100 miles, 
cannot be more than a few inches in eiTor. 

Two principal base-lines and four bases of veri- 
fication were measured in the course of the trian- 
gidation. The former, which are situated on 
Salisbury Plain, and on the border of Loiigh Foyle, 
were measured with General Colby's 10-feet com- 
pensation bars. This apparatus is a maiTel of 
ingenious scientific contrivance, bars of iron and 
brass being combined in such a manner that the 
distance between two fine dots, on steel tongues 
connecting them at their extremities, remains con- 
stant at all temperatures. The bars are laid per- 
fectly horizontal, and in a perfectly straight line, 
with the aid of levels and a directing telescope ; 
and, to avoid disturbance of a bar when once in 
position, the next, instead of being bx'ought into 
contact with it, is so placed as to leave an interval 
of G inches between their ends, this interval beuig 
measured with a douWe microscope, the two foci 
of wJiicb are kept at all times exactly inches 
apart, by means of a compensating apparatus, 
constructed on the same principle as the bai's them- 
selves. The Lough Foyle base was thus measured 
in 1827-8, and is about 41,641 feet in length; the 
Salisbury Plain base, measiircd in 1849,* is about 
36,578 feet long. Some idea of the excellence of 

* Tliis waa tbo seconil mtaaiircraeut. By t!io first, made 
with atetl l-1iiuub in 179±, it was ubgiit a fout Bhorter. 



Ciilby'a apparatita, and of the care with wliicU it 
was used, may be gathered fi-om the fact that, on 
a suhRequent occasion, when 500 feet of the Lough 
Foyle base were remeasnred, in the presence of Sir 
John Hei-schel and Jlr. Babbage, the difference 
between the ohi and new measures was only one- 
tlnrd of the finest dot that could be made with tho 
point of a needle. 

Not less remarkable was the minute and ever 
watchful care bestowed on the meastu'ement of the 
angles of tlie ti-iangulation, a task In which thirty- 
fom- observers, twenty-nine of them being officers 
and non-commissioned officers of Engineers, have 
at different times taken part. Two magnificent 
3-feet theodolites, made by Eamsden, one for the 
Royal Society, the other for tlie Master-General 
of the Ordnance, an 18-ineh theodolite, also by 
Ilamsdcn, and a ^-fcct theodolite, by Tronghtoi? 
and Simms, were nsed in these obsrrvations. 
Years of anxious and patient scientific toil were 
devoted to the task. But it is manifest that no 
instruments, however beautifully made, and no 
observations, howevcrnumei"ous and careful, could 
result in a tiiangulation that should be of perfect 
geometrical accnracy — snch, namely, that the sum 
of the angles of each plane triangle should be 
exactly 180°, and the sum of the angles ix)inid 
each station exactly 360°, and that the calcnlated 
value of the distance between any two of tlie 
trigonometrical points should be the same, by 
whatever scries of angles it might be obtained. 
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The Ordnance Surveyors, nevertheless, were bent 
on attaining to this mathematical perfection. The 
method of least squares was employed for com- 
puting the small quantities by which the obsei*ved 
angles required to be corrected in order to make 
the whole tiiangulation geometrically exact. The 
labour and difficulty of this formidable undertaking 
were tmly prodigious. Twenty calculators were 
at work upon it for between three and four years. 
The whole series of triangles was divided into 
twenty-one parts, and the necessary equations of 
condition were found, first for each separate figure, 
and finally for the whole group together. In one 
of these figui-es, the computers had to grapple 
■with the appalling task of solving equations with 
seventy-seven unknown quantities. So gi-eat, how- 
ever, had been the accuracy of the observers' 
work, that the average amount of con-ection to 
the observed angles was no more than 0"'6. 

The whole of the work up to this stage was 
now put to a moat rigid test. The bases on Lough 
Foyle and Salisbury Plain are about 360 miles 
apart. Taking the measured length of the fomier 
to start wth, the length of the Salisbury Plain base 
was computed through the long inteiTcning net- 
work of triangles, and compared with its measured . 
length. The difference was found to be but 0'4178 I 
foot, or little more than 5 inches. It is hardly I 
possible to imagine a residt more wonderful and' 
satisfactory than this; Sir Henry James has well 
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described It as a genuine triumph in geodesy. As 
the difference thus found could not be atti-ibuted 
to one base more than the other, it was so divided 
between them that each shouhl exhibit an error 
proportional to the equare root of its length; a 
mean base was thus obtained, and used in the final 
reduction of the triangulatlon. 

The four bases of verification are situated 
Ilounslow Heath, at filisterton Carr, Belhe! 
and Ehuddlan Mai'sh. They were measured with 
Eamsden's steel chains, in 1791, 1801, 1817 and 
3806, respectively, their lengths varying f]-om 
about 4"G4 to 5'19 miles, and the differences be- 
tween the lengths as measured and as computed 
from the mean base being 3-076, 2-292, 2-880, ai 
19'152 inches. The Ehuddlan JIarsh base is 
unfavourably situated with respect to the neij 
bouring trigonometrical stations that little weight 
can be given to its computed value. The other 
three, however, exhibit discrepancies so exti-emeb 
small — about the same, in fact, as those of the bas( 
measured with compensation bars— as to justify tht 
fullest confidence in steel chains of good make 
base-measuring apparatus. The Hounslow Heat] 
base had been previously measured, in 1784, b; 
General Eoy, with deal rods and glass tubes. TTu 
former, from their susceptibility to moisture, we] 
considered a failure, and gave a result 24-24 inches 
greater than the measurement in 1791. Thej 
latter, however, gave a result only 2'7:2 inches lesi 
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tlian that of 1701, or 4"79 inches less than the 
length afterwards computed fi-om tlie mean base. 

Many of the sides of the principal or primary tri- 
angulation are of gi-eat length, 66 of them exceeding 
80 miles, while 11 measure more than 100 miles. 
The longest, that from Sea Fell to SHevc Donard, 
is 111 miles; the mean length of the whole is SS'-l 
miles, and their sum 206,710,000 feet, or about 
ten times the earth's radius. The primaiy tnan- 
gulation is subdivided, usually with 12-lnch theod- 
olites, into smaller or secondary triangles, the 
sides of wliich are from about 10 to 15 miles in 
length ; and these, again, as the survey progi'csscs, 
are broken itp into tertiary triangles, with sides of 
about a mile. It is within these last that the 
chain-surveyors afterwards work. For eonnecting 
the more distant stations of the piimary triangu- 
lation, a revolving plane miiTor, called the " hclio- 
stat," was used, for the purpose of reflecting the 
sunbeams from the point to be observed towards 
tlie fai'-off station, where the observers were con- 
stantly on the watch for the bright star-like point 
of light. Lines of immense length can be obtained 
in this manne]*, if only the stations at either end 
are sufficiently elevated. The process, however, 
proved extremely tedious, days, and even weclcs, 
sometimes passing before the looked- for gleam was 
seen; " more than a month often elapsed between 
consecutive obsei'vations of very distant points." 

Vertical as well as horizontal angles were ub- 
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less minute. Tlie lieiglit, for example, 
of Ben Muich Dhui, the loftiest but one of tht 
Scotch mountains, as determined in this mamierj 
was 4,295'60 feet; its height as afterwards founa 
by Bpirit-levelling was 4,295*73 feet, the difference 
being only "13 feet, or about an inch and a half. 

Lofty towers and hill-tops were most generalljl 
chosen for the gn-at trigonometrical points. In 
setting to work at an observing station, the chi^ 
dcsidci-atum was to get a finn foundation for thej 
instrument — sometimes a task of gi-eat diffieiiltyj 
especially at stations situated on the moors ; 
bogs. In order that tremors might not be tra 
mitted to the theodolite, it was in all cases isolated, 
generally by the construction of two independent 
sets of framework or scaffolding over the stations- 
one inside the other, the inner one to cany th) 
instrument, the outer for the observatoiy and foq 
the observers to stand upon. Sometimes 
scaffolds occupied difficult and dizzy positions, and 
gi-eat skill and ingenuity were necessary in conJ 
stiiicting them. The wondei-ful "crow's nest'' 
which stood for months over the cross of St. Paul% 
must be in the recollection of many of our readera,! 
Jn the flat Eastern counties especially, instances oq 
high scaffolding were numerous. One of the mosj 
remarkable was the station on Thaxted ChnrchJ 
the tower of which is 79 feet high, and siuTnonntea 
by a spire of 93 feet, making a total of 172 feet] 
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above the gi-oimd. Tlic outer seaft'okl, for llic 
obaeryatory, was in tliis instance carried from tlic 
base to the top of the spire, while that within, for 
t!ie instrument, was raised npon timbers passing 
through the spire at a point 139 feet above the. 
ground. Thus, the theodolite, at the heiglit of 
178 feet, was completely insulated, and not affected 
by the movements of the observer or by the action 
of the wind on the observatoiy. Did space penuit, 
we might give many other interesting details of 
the history of the triangulation, and of the difficult- 
ies, hardships and dangers which were frequently 
encountered. But we must now leave thiH part 
of the subject, and pass on to consider some of 
the larger questions in geodesy which the Ordnance 
vey has helped to solve. 
Of the series of scientific works which have been 
issued by the department during the last thirty 
years, the most remarkable is the " Aecomit of the 
Principal Triangulation," by Captain (now Lieut.- 
Col.) A. H. Clarke, C.B., E.E., a mathematician 
of the highest attainments. In this ponderous 
volume, published in 1858, are contained details of 
all the trigonometrical and astronomical observa- 
tions and computations made in connexion with 
the triangulation, as well as calculations of the 
figure, dimensions, and mean specific gravity of the 
earth, as derived therefrom. During the progress 
of the triangulation, the latitudes of tliirty-two 
of the trigonometrical points had been found w 
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tlic utmost accuracy, by observations with Earns- 
den's and Airy's large zenith-sectors, the latter of 
which was made expressly for the Survey. From 
the data afforded by the triangulation, Captain 
Clarke deduced the distances between the arcs of 
parallel passing through these latitude stations, 
and thus found the length of an arc of meridian of 
about 10**, extending fi-om the Shetlands to the 
Isle of Wight. He then determined that the 
iiguro of the earth which would best correspond 
with tlie surface of Great Britain would be a 
8])licroid of revolution with an equatorial semi-axis 
of 20,927,005 feet, a polar semi-axis of 20,852,372 
loot, and an cllipticity of 2wh^' Also, by com- 
bining with the English arc nine of the best 
miMirtured arcs of meridians in other parts of the 
world — those namely of Peru, India (2), France, 
I lauovor, Denmark, Prussia, Russia and Sweden — 
lie found, as the elements of the spheroid which 
most nearly represented all the geodetic measure- 
mcntK, e((uatorial semi-axis 20,920,348 feet, polar 
wnni-axiB 20,855,288 feet, cllipticity ^ ^^.* Owing, 
however, to suuill corrections, consequent on the 
final results for latitudes of stations in the Russian 
arc, the above elements were slightly modified in 
1801, tlie corrected values becoming, equatorial 
semi-axis 20,026,320 feet, polar semi-axis 

• A most vnlunblo Borios of OooJotical Tiiblcs, founded oa 
thcBO doiuoutd, were published ut Soutliamptou, in 1858. 
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20,855,239 feet,* ellipticity ^^..^j.. Even tliis 
result was not final ; it depended on old com- 
parisons between the standai'ds of lengtli of oin- own 
and foreign countries, and, aa we shall presently 
see, has since then been modified again. 

By 18G0, the trigonometrical sui-veys on the 
Continent had made such progress that it became 
possible to have tlie triangiilations of France, 
Belgium, Prussia and Russia, and our own, con- 
nected with one another, with the view of finding 
the measured length of an arc of the 52nd parallel 
of latitude, extending from Valcntia on tlie west of 
Ireland to Oursk on the Eivcr Ural, that is, thi'ongh 
about 75" of longitude, or more than one-fifth of the 
circle of the globe on the parallel of 52" N. A 
proposal to this effect, which emanated from the 
Government of Russia, at the instance of M. Otto 
Stiiive, the Imperial astronomer of that country, 
was acceded to by the Goveniments of France, 
Belgium, Prussia and England ; the object, it need 
hardly be explained, being to teat the value of the 
earth's figure and dimensions as previously ob- 
tained from mcridiotial ares, by a comparison of 
the measni-cd length of this great arc of parallel 
with the angidar difference (jf longitude between 
its extremities, which could now be very accurately 
determined with the help of the electric telegraph. 

* All the above mcasureB are given iu feet of tlie Ordnance 
10-feet Blandard bar, 0,, at 02° Fahr., which have a minute 
error: 8GS,055 feet of 0, being equal to 8C8,05G EoglisU 
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The connexion with the French triangiilatioffl 
T\'hich had been effected by General Roy in 178(^ 
was insufficient for this new purpose, having beei 
made only with the object of connecting Green-*1 
wich with Pans, and not directed eastward. 

Accordingly, in May, 18G1, Captains Clarke and 
Trench, and Serjeant-Major Steel, R.E., with a 
»mall party of Engineers, were selected by Sia 
Henry James for the task of connecting the ti'i- 
gonometrical points on our south-eastern coa^ 
with those on the opposite side of the Channd 
Observations were taken from four English anq 
seven French and Belgian stations, three of tin 
large theodolites used in the great triangulatioi 
being employed for the purpose. A separate 
party of French observers, using the same statioiu 
and measuring the same angles as the EnglishJ 
were similarly engaged ; thus, the whole pperatioflT 
was done independently, in duplicate, by c 
from both countries. The English party finished'"! 
their work in January, 1862, after many difficulties- ■ 
and delays, consequent upon the erection of high 
scaffolds over several of the- continental stations, 
the tempestuous weather dui-ing the latter part of— 
the time, and the frequent fogs and haze which^ 
hung over sea and land. 

The proposed measurement of this great arc on 
parallel now suggested to Sir Henry James the! 
importance of a i-e- comparison of the standards o« 
the BO vcval iiatif ins engaged in it. Obviously, with-a 




out a very exact knowledge of tlie relative leiigtlw 
of the Tiirious national units of measure, it would 
be impossible to obtain a precise result, or, in other 
words, to expi-ess the length of the arc accurately 
in terms of any one of the nnita. lielginni, 
Prussia and Russia were therefore invited by our 
Government, on the recommendation of Sir lleury 
James, to send their stJindards to Southampton, 
and Captain Clarke, with Quartermaster Steel and 
Corporal Compton, 11 E., as his assistants, was 
entrusted with the task of carrying out the necessary 
comparisons of these standards with our own, and 
"with one another. Altogether, about a dozen bars 
of various kinds, including some fi'om India, were 
submitted to comparison in 1S64-G. The work 
was one which required an extraordinaiy amount 
of patience and diligence, and of scientific care and 
skill. The observations were very numerous, and 
of the most delicate kind, and were made by means 
of a special apparatus, in a building specially 
constructed for comparison pui'poscs. An elabor- 
ate account of the whole process, with calculations 
and results, was drawn up by Captain Clarke, and 
published in 18G6,* and gives the relative lengths 
of nineteen standards and standard bars to the 
nearest millionth of an inch. Since then, com- 
parisons of the standards of Austria, Spain, Italy, 

• " Comparisons of tlie StaDdarda of Length of England, 
France, Betgium, PruBsia, Russia, India, and Auatralia,"— 
Ordnance Surcicy Office, Sou/hampfon, 18GC. 
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the Cape of Good ITopc, and the United States 
have been similarly made and reduced, but the 
results are not as yet published. 

Captain Clarke's former figures for the elements 
of the spheroid of revolution which best corresponds 
to the geodetic measurements had now to be cor- 
rected to the newly found lengths of the standards, 
and with the following results ; — equatorial semi- 
axis 20,926,062 English standard feet, polar semi- 
axis 20,855,121 feet,* compression ^T^-jfj^- But, in 
further calculations as to the form of the equator 
corresponding to the measured arcs of meridians, 
he found that the earth has three unequal diameters ; 
the equator, in fact, is slightly elliptical, its ellip- 
ticity being ^t69J 5 ^^^ tl^® lengths of the earth's 
three semi-diameters are as follows : — 

FEET. 

Longer semi-diametep of equatorial ellipse 20,926,350 

Shorter „ „ 20,919,972 

Polar semi-diameter „ „ 20,853,429 

Mean compres8ion=^T^^.3Y. 

This is undoubtedly the best determination yet 
made, but it must be held as liable to further 
modification when the calculations, now in pro- 
gress, for finding the length of the arc of parallel 
between Valentia and Oursk are finished. The 
longer diameter of the equatorial ellipse was found 
to be in longitude 16° 34' E., and the shorter in 

* Showing an increase of about ^%ths and ^V^^ °^ ^ mile> 
respectively, upon the two diameters as formerly computed by 
the A.8trouomer Eoyal. 



longitude 1 05" 34' E,, the mevullans of which, as Sir 
Henry James has pointed out, coincide approxim- 
ately with tlie moat remarkable features of the 
globe. 

It would be difficult to over-estimate the import- 
ance to geodetical and astronomical science of the 
accomplishment of these two gi-eat works — the 
connexion of the various national ti-iangulations 
for the raeasni-emcnt of an arc of parallel, and the 
compaiisons of standards of length. In a paper 
read before the Royal Society in 18GG, Sir Henry 
James thus ably smns up the points and advantages 
of the case: — 

" Before the connexion of the triangulatlons of 
the several countries into one great network of 
ti'iangles extending across the entire breadth of 
Europe, and before the discovery of the electric 
telegraph, and its extension from Valentia to the 
Ural Mountains, it was not possible to execute so 
vast an undertaking as that which Is now in pro- 
gress. It is, in fact, a work which could not possibly 
have been executed at any earlier period in the 
history of the world. The exact detennination of 
the figure and dimensions of the earth has been the 
great aim of astronomers for upwards of 2000 
years ; and it is fortunate that we live in a time 
■when men are so enlightened as to combine their 
labours to effect an object desired by all, and at the 
first moment when it was possible to execute it." 
The data for ascertaining the earth's mean specific. ■ 
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gi'avity were anivcJ at by investigating tlie amoimt 
of the deflection of the plumb-line at Arthur's Seat, 
near Edinburgh. In 1854, observations for lati- 
tude were taken at the north and south ends of 
tliis mountain, and on its summit. A comparison 
between the asti'onomical differences of latitude, 
thus obtained, and the measured teiTCStrial diJ 
ences, funiishcd data for finding the attraction 
the mountain on the phimbline, and a ratio 
thence deduced between the specific gravities of the 
mountain and of the mass of the earth. Then, the 
specific gi'avity of the mountain having been com- 
puted from its geological structure to be 2'75, that 
for the earth was found to be 5'316.* 

Later comparisons between the astronomical and 
geodetical measurements of the Survey have led to 
another very interesting discovery. Serious dis- 
crepancies were found to exist, in localities where 
there was nothing above ground to account for 
them, plainly indicating that the plumb-line and the 
levels of astronomical instiiiments are sometimes 
largely affected by masses of u-regular density, or 
possibly large cavities, below the surface. At Cow- 
hythe, in Banffshire, disturbance of this kind was 

• From eirailar observations at Sohehsillion mountain, Hut- 
ton liad previously fouud the earth's moan specific gravitj- to 
be 4'95, Prom experiments ou tlie attraction of balls, Caveu- 
diah obtained 5 "45 ; Baily, 567; Eeich, 5'4l. Tbe Aatronomer 
lloyal, from experiments with pendulums on the surface of the 
eartli and at a gwat depth, obtained 655. 
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fournl to be so great, amouuting to about 10", that 
a series of observations was taken with the object 
of tracing it out. The exact results have not yet 
been published ; but it appears, from Sir Henry 
James's remarks in his annual reports, that the 
obsei-vations point to the existence of some very 
large and dense mass of matter beneath the surface, 
to the south of Cowhythe ; and that this investiga- 
tion, like a similar one made by M. Otto Struve, 
near Moscow, goes to prove that we cannot rely 
on observations taken for latitude and longitude at 
any particular point on the surface of the earth, 
until we have satisfied ourselves by observations at 
surrounding points that there is no hidden cause of 
disturbance. 

Such is an outline of the chief problems in 
geodesy, to tlie solution of which the Ordnance 
Survey has contributed so much, and wliich cannot 
fail to interest, not only astronomers, to whom the 
earth's dimensions and specific gravity serve as 
units for measuring the distances, magnitudes, and 
specific gravities of the heavenly bodies, but scient- 
ific geographei's of all countries. We will now 
proceed to describe the organization of the Survey 
Department, and the various processes followed in 
the actual survey and preparation of the maps. 
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Organization of the Suevey Department. 
In 1870, the Ordnance Sui-vey, originally under 
control of the old Board of Ordnance — whence 
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its somewhat mystifying name— aril latterly unda 
that of the War Office, was transferred 
Office of "Works. The one-inch military map of 
the kingdom, which had been about eighty years 
in progi'caa, was finished in that year, and it was no ; 
longer thought desirable to include the cost of a > 
cadasti'al survey in the War Office estimates. The 
organization of the department has, however, been 
carefully preserved, its essential feature being the 
combination of military and civilians, on a plan,' 
which has been found to answer well hitherto, and 
by means of which the work is done cheaply and. 
methodically. At present, the survey force consistSi 
of about 2174 persons, including twenty officers 
and four companies of Royal Engineers, and about 
1700 civilian assistants, labourers, and chainmen, 
Subdivision of labour is carried out on the survey; 
to its fullest extent, the force being divided into sect* 
ions for each separate branch of the work ; chanceB 
of eiTor are thus reduced to a minimum. The 
head-quarters of the whole department are at South- 
ampton, where the maps and plans of Great Britain 
are published, and where all the trigonometrical 
aud other calculations are made. The six-inch 
sheets of Ireland, however, are printed for sale at 
a similar, though smaller, establishment in Dublin, 
where also the revision, now in progress, of the 
Irish map is carried out upon the plates, and where 
plans for the Landed Estates Court are drawn as 
required. The rest of the survey force is distributed 
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over tlie kingdom, in fourteen sections or "diviH- 
ious," each consisting on an average o£ about 
100 men, superintended by an officer, and engaged 
in the actual operations of the survey. To one 
division, with its head-quarters in London, is as- 
signed the duty of ascertaining the exact coui'se 
of the county, hundi-ed, pariah and other public 
boundaries in England ; one, under Lieut.-Col. 
Clarke, C. B., is engaged in the tertiary trian- 
gulation, which immediately precedes the chain- 
survey ; another, with its head-quarters in Dublin, 
can-ies on the revision of the six-inch map of Ire- 
land ; a fourth is employed upon the levelling, con- 
touring, and hill-sketching of Scotland; a fifth 
upon the con-esponding duties in England and 
Wales ; and nine divisions in different parts of Great 
Britain execute the detail surveys, and prepare the 
manuscript plans. 
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Detail Suevet, and Preparation of 
Manuscript Plans. 



Let us now briefly sketch — it can be but a sketch 
— the various processes which are perfonned before 
the maps come into the hands of the public. We 
will suppose, for example, that an order has been 
given for the survey of Dorsetshire on the asso 
scale, and that the secondary triangulation of that 
county has been finished. A party of observers, 
■with seven-inch theodolites, is at once sent into the 
district which is to be first taken in hand, in order 
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to i»rep!irc the minor triangles for the detail buc- 
yeyoTB. For tliis purpose, tlie stations of the pri- 
mary and secondary triangulations are used to fix a 
large number of intermediate stations, the positions 
of which are so chosen on tlie ground that they 
may be visible from one another, and form well- 
shaped triangles with sides of something like 
mile in length. Small whitewashed beacons 
poles, doubtless familiar objects to many of oi 
readers, are erected over all the stations ; and the 
observations, as finished, are sent to Southampton, 
where the sides of the tertiary triangles are calci 
lated to the nearest tenth of a foot; and where 
the co-ordinates of the trigonometrical points 
computed witJi I'cfercnce to the sheet-margins, 
that they may be afterwards laid down easily 
the paper. Parties of "perambulators," or bound- 
ary-surveyors, are at the same time at work in 
the district, finding out the course of the public 
boundai-ies,* and preparing outline sketches froi 
which, the chain-surveyor may be afterwards abl 
to identify and fix the various boundary marl 
A detail-survey "division" is now sent, let us su] 
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• The public boundaries are pointed out to the e 
by properly qualified persous called " mereEmen," who i 
appointed for each parish, or division thereof, by the Justice 
in Quarter-Session 8 iu England, and by the Sberitfs of countiM 
in Scotland. The term " meresman" is most probably derire^ 
from the Anglo-Saxon gemiro " boundaries ;" or possibly frM 
the Saion mearv, a " mark " or " boundary." 
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pose, to Dorchester, where its head-quarter office 
is established; and parties of surveyors, each super- 
intended by a non-commissioned officer of the 
Engineers, are detached to towns and villages in 
the disti-ict about to be surveyed. Their first duty 
i& to trace out and chain the sides of the minor 
triangles, noting in their field-books, as they go 
along, the positions of all fences, streams, and other 
objects which they cross, and leaving ground-marks 
or "piquets" at the points which may be most 
convenient for starting afterwards with the internal 
lines of the survey. The measured lengths of the 
sides of the triangles are now sent to the office, for 
compai'iaon with the computed lengths, and when 
they are found sufiiciently correct the detail-survey 
is proceeded with. This survey is made almost 
wholly by the method of right lines, one much 
more simple, and less liable to erroi-, tlian that of 
"traverse-surveying," which is therefore only re- 
sorted to in emergencies, and in the highlands and 
uncultivated districts. By the right-line system, 
the surveyor simply chains a net-work of straight 
internal lines across and within his triangle, taking 
oflfsets right or left, as he goes along, to every ob- 
ject on the face of the countiy, and noting all 
measurements in his field-book. His skill and 
judgment are shown by his selection of these in- 
ternal hnes, which should be so directed that each 
may answer for the survey of as many as possible 
of the features to be mapped, and that the sui'vey 
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of tlie tiiaiigle may tliiiB be completed w. 
least possible jiuniber of lines. The qualitj 
suiTeyor's work is subjected to a very simple test ill- 
the office. Tbe whole system of lines forms a soi? 
of geometrical puzzle, and the plotter, having L 
down the sides of the triangle carefully on hi 
paper, is at once able to find by actual measun 
ment whether or no the internal lines will fit in ii 
tlieir proper places, and can tell whether any mis 
takes have been made, in which case the faulty worf 
is sent back to the sm'\-eyor to be remeasured. Whei 
the line-survey has been thus checked, and coiTectlJ 
finished^ the rest of the contents of tbe field-bo(^ 
are plotted in pencil in the office, and a skelettH 
or outline drawing of the country is thus producefll 
This is now ti*aced, in sections of a convenient s 
for further use in the field, and the tvacuigs au 
placed in tbe hands of "examiners," whose duty j 
is to go over the ground, verifying the surveyofl 
and plotters' work, testing tbe boundaries, supplj 
ing the nomenclature, and the various cbaractei 
iaties, such as woods, parks, gardens, moori 
antiquities, &c., inserting anything that may haii 
been omitted, distinguishing tbe metalled roads frol 
those wliich are unmetalled, and noting tbe state Q 
cultivation of the various enclosures, whether arabU 
wood, pasture, waste land, and so forth. With th 
completed tracings as a guide, draughtsmen in thft; 
office now ti-ansfonn the plotted pencil plans into 
finished drawhigs. The draughtsmen of the Oi-d 
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nance Survey are justly renowned, ami tlie 25-mtIi 
plans form admirable specimens of their skill ; in- 
deed, those done by the best workmen could hardly 
be excelled. All the plans are drawn on one uni- 
form system, the same symbols, colours, types, and 
tliickness of lines being adopted throughout the 
survey. Most of the work is done by hand, but 
woods, figures, and nearly all of tlie names are 
stamped by lads on low rates of pay, and the more 
expensive labour of the skilled draughtsmen is thus 
economized. 

The next process is to compute the areas of the 
enclosures as shown on the plans. This is done 
with the " computing scale," a beautiful and simple 
contrivance, invented by an employe of the depart- 
ment. By means of it the acreage of each en- 
closure is calculated separately; and, as the sum 
of all -the areas in each full sheet should be 960 
acres, a ready check is thus furnished upon the ac- 
curacy of the computer's work. In consequence, 
however, of the daily expansion and contraction of 
the paper, absolute accuracy can seldom be attaincil, 
and a small percentage of eiTor, about 0.2 per cent., 
is allowed, and is afterwards distributed tlu'ougliout 
the parcels in proportion to their area. The acre- 
ages are calculated and made up separately for 
each parish, every enclosm-e having a reference 
number stamped upon it. An area-book of the 
parish is then compiled, in which the acreages (to 
the one-thousaudth of au acre) and states of culti- 
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vation of the acveml enclosures arc ciitered opposite 
to their respective reference numbers, an absti-act of 
the whole being given at the end of the list: the 
area-book, thus finished, is aftenvards printed, and 
published with the plans. 

As every landowner la primanly interested 
the acreage of liis property, it may be well at thiJ 
point to explain the principles upon which th« 
Ordnance Survey areas are computed. It must I 
obvious to tlie least experienced reader that, in s 
survey founded on a system of triangulation, nona 
but horizontal measurements and horizontal areaafl 
can be given. To attempt to roll the country outi 
flat — in other words, to take account of inclinationsi 
of the ground in the delineation of features, or the 
calculation of areas — would be to defy all prin- 
ciples of accurate map-making, and to pass beyond 
all limits by which areas can be checked. The 
horizontal system, therefore, as the only one ap- 
plicable to a general national map, is that whid 
has been adopted for the Ordnance Survey. Wafl 
believe, moreover, that it is the best and tmeafel 
system. The produce of land, and therefore 
real value for sale, or letting, or taxation^ are, t^ 
we mistake not, directly proportional to its hQrizon-.\ 
tal area. Then, as regards tillage and labour ott I 
the land, it can hardly be doubted that both! 
employei's and employed would benefit in the long'l 
run by adopting as the final basis of agreemenw^ 
the areas given by the Ordnance maps. The?* 



would certainly gain in tlie prompt settlement of 
disputes, and in the saving of the sums now so 
constantly paid for land-meaeurements to local 
surveyors. And although the labourer or plough- 
man who works by the acre may naturally prefer 
to be paid according to the superficial rather than 
the horizontal measurement of sloping land, and will 
doubtless imagine, when he comes to think about 
the matter, that he is a considerable gainer by that 
mode of reckoning, the difference between the two 
is in reality extremely small, very much smaller, 
indeed, than is generally supposed, seldom exceed- 
ing two or three per cent, on the steepest slopes 
that can well be cultivated. For example, a 
I()-acre field, on a slope of 1 in 4, measures about 
9-7 acres on the horizontal plane, the two areas 
thus diffeiing by no more than about three ])er 
cent. While on the subject of the acreage of 
estates, it is necessary to explain that private 
boundaries are not shown as such on the Ordnance 
plans, that is to say, no reference whatever is made 
to rights of property. This would need special 
machinery, and lead to difficidt and prob'acted 
enquiries. All natural and artificial divisions ai-e, 
however, delineated ; and, as the boundaries of 
property nearly always follow the course of such 
divisions, landowners are at once able to identify 
their own estates and holdings on the plans, and to 
ascertain their own acreage from the area-books. 
To complete the plans, it now only remains to 
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mark upon them the relative heights of their 
various parts. Every one has noticed the bench- 
marks,* ^, cut upon many of the milestones, 
walls and gate-pillars along our chief highways in 
all parts of the country. They are the permanent 
marks of the Oi-dnance Survey system of spirit- 
levelling, a system which is so perfect and com* 
prehensive as to merit a short digression for the 
purpose of explaining it. Just as the principal 
triangulation forms an accurate framework within 
which the minor triangles are afterwards laid out, 
in like manner, a series of lines of principal or 
" initial " levelling, extended over the kingdom, 
furnishes a definite basis for a system of interior 
lines of minor or *^ detail" levelling, which, as the 
survey progresses, are carried along nearly every 
road in the country. The lines of the principal 
series, which were begun in 1839 and finished in 
1861, were executed with great minuteness and 
care. They so often intersect and meet one another 
that numerous checks were thus afforded upon the 
accuracy of the work. Small discrepancies were 

* I have been unable to obtain any satisfactory information 
as to the origin of this term, and I canDot even guess at it. 
The use of the barbed head, (or "broad arrow," as it is generally 
termed) as the Ordnance mark appears to have sprung from the 
fact of its having been the crest of a former Master- General of 
the Ordnance : such at least is the not improbable explanation 
elicited in " Notes and Queries " for December, 1872, by the 
enquiry of a friendi 



of course absolutely iinavoidabli!, and these were 
treated as a whole in each of the great series of 
levels for Eogland-and- Wales and Scotland, and 
were rigorously worked out by the method of least 
squares, bo as to make each series by itself perfectly 
correct and consistent. These reductions proved 
tasks of gi-eat mathematical difficulty; that, for ex- 
ample, of the English series ultimately involved 
the solution of a system of equations with ninety- 
one unknown quantities. In connexion with the 
ti'unk lines of levelling, tidal obsei-vations were 
made at a number of stations round the coasts of 
Great Britain, for the pui-pose of finding the relat- 
ive heights of the viean tide levels at all the stations, 
that is to say, of the levels corresponding to the 
mean or average height of the sea at each station, 
as dei-ived from long series of observations 3nade 
at small equidistant intervals at all times of the 
tide. The mean tide levels were found to differ 
considerably at the various stations, the extreme 

r difference amounting to more than thirty inches. 
An average of the whole was ultimately taken as 
the mean level of the sea for Great Britain, This 
average, however, could not be known until all 
the tidal observations had been made, and all tlie 
levelling finished and finally computed; it was 
the very last bit of infomiation tliat could, in the 

. nature of things, be ascertained. Meanwhile, in 
order that the publication of the plans with levels 
might not be delayed, it wan necessary to adopt 
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some fixed datum-level, to which the whole Bystcm 
of Ordnance Survey heights might be referred. 
For this, the mean tide level at Liverpool, which, 
according to tlie most trustworthy determination, 
is 7*47 inches below the mean level of the sea aa 
since ascertained, was chosen. Every altitude 
marked upon the plans, from Cape Wrath to the 
Ijand's End, is accordingly expressed with refer- 
ence to this one Livei"pool datum, and is therefore 
strictly correct in its relation to every other such 
altitude, no matter how far apart the points may 
be. In a similar manner, a mean level of the sea 
was found for Ireland. This, however, was not 
entered upon till after the engraving of the sheets; 
and the levels on the Irish maps are all given "\vith 
reference to a datum previously fixed upon, viz., 
low -water of spring tides at Poolbeg Lighthouse, 
in Dublin Bay, which i8^8'094 feet below the mean 
level of the sea round the coast of Ireland as since 
deteraiined. 

The detail-levelling is carried out, as we have 
alieady iKtiaiated, contemporaneoualy with the 
progress of the cadastral survey. Starting from 
marks on the initial series, lines are run along 
nearly all the turnpike and parish roads, and 
bench-marks cut at intervals of about a quarter of 
a mile. The whole of tlie bench-marks of the 
initial and detail levelling are shown in position oi»- 
the 25-inQh manuscript plans, and their heights 
given to tlie nearest tenth of a foot. Surface- 
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heights, to the nearest foot, are also marked on 
the plans, at frequent intervals between the heiich- 
maiks. 

The manuscript 25-inch plans of our disb'iet are 
now finished, with every object shoiMi In its ti"uc 
])Otjition and character, the names correctly given, 
the ti-igononieti-ical points marked, the public 
boundaries defined, levels scattered over the sur- 
face, and the plots all numbered iu correspondence 
with the parish area-boots. Thus complete, and 
having been finally examined on the ground by 
the officer in charge, they are forwarded to 
Southampton for publication. 

In the survey and mapping of towns, on the 
lai-ger scales, the processes followed arc in all re- 
spects on the same principle as those we have 
described for the rural lands, though of course 
more minute and tedious. A number of extra 
trigonometrical points within the towns are fixed 
from surrounding stations, but, from the nature of 
the work, it is generally necessary to make the 
surveys in "blocks" or multagMw^ ''e;*!''^ fetubcj 
than in triangles. The levels are more numerous 
in towns than in country work, lines of levelling 
being earned along every street; while bencli- 
marks and surface-heights ai-c much more fre- 
quently given. No attempt, however, is nia«lc to 
calculate the acreages of the innumerable plots, and 
the area of each town as a whole is alone com- 
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Publication of Parish and Tows Plans. 

Tlie parish and town plans, after having bet 
once more thoroughly examined at Southampton^' 
are published by zincography, a process which was 
adopted on the Ordnance Sui-vey in 1855, and 
which, thongh closely resembling lithography, ia. 
yet in several respects superior to it. The wor 
tiimed out is equally good by either pracess: bul 
while a lithographic stone of the area necessary ft 
the Ordnance plans is about four and a half incli 
thick, costs about £7., and weighs 450 pounds, th' 
requiring four men to lift it, a zinc plate of eqni 
sui-face ia but Aths of an inch thick, costs onb 
16s., and weighs no more than 60 pounds, so ths 
it can be easily carried by one man. The zii 
plates also wear extremely well, and are leas Habli 
to fracture than the lithogi-aphic stones. Thoi 
used on the sm-vey are of the best Silesian zinc, 
and the surface is prepared by successively scraping 
with a razor-blade, grinding with pumice-stoue ant 
jwrtet", smoothing 'with steatite or " watei'-of-A" 
stone," and graining with moulding-sand. Thi 
outline of the manuscript plan is traced in litho- 
graphic ink, on tracing-paper thinly coated with 
starch or paste. This, tor the sake of cheapnes 
done by boys, but the writing and characters 
added by a superior workman ; boys also sb 
the woods, figures, &c. The remaining procesi 
of transferring the tracing to the zinc, and printin] 



,nd^^ 



40 

the impressions, arc exactly the same as in litho- 
graphy, except that a different "etching liquid" is 
nsed for the zinc. Each parish on the sb'^o scale, 
and each town on the sio scale, is published 
separately, as soon as the sheets are ready. For the 
first edition, it is usual to take from 30 to 100 im- 
pressions of the plans, according to the probable 
demand. After this, the zinc plates are cleaned off, 
and re-prepared for other sheets. It is found to be 
cheaper and more convenient to do this, and to 
make fresh tracings from the manuscript plans when 
a second edition is wanted, than to keep the plates 
idle meanwhile. A transfer on zinc will however 
print more than 1000 copies, if required, without 
sensible deterioration. Tlie printed sheets, after 
having been dried and pressed, are passed on to 
boys, who colour the houses, roads, and water. The 
edition is now ready for sale. The publication of 
the zincographed plans, at Southampton, is imder 
the excellent immediate euperinteudence of Lieut,- 
Col. E. SI. ParsonSj R,E., who also has charge of the 
photographic and photozincographic branches, the 
former of which we will now describe. 



Bix-iNcn Plans. 
Photography is largely employed on tlie Ord- 
nance Survey as a substitute for the skilled labour 
of draughtsmen. Fonuerly, the reductions of plans 
from one scale tu another were made with the pen- 
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tagrapli or eidograph, and were both tedious and 
costly. But, when it was proposed to adopt four 
Bcales for the plans of the national survey, it be- 
came evident to Sir Henry James that, unless somi 
method could be devised by which reductions 
might be effected much more rapidly than by any 
means then known, the publication of the maps 
would proceed too slowly, and its cost he too gi-eatf ' 
to satisfy the public. He gave his close attentioui 
to the subject, and was rewai-ded with success. A1 
the Paris Exhibition of 1835, he instituted experi-j 
menta to test the possibility of reducing plans 
accurately by photography, and the results were so 
neai-ly satisfactoiy that he was led to make ftirther 
trials at Southampton, where tlie process was sooa. 
improved, and ultimately brought to perfection.^ 
It was at first alleged, in Parliament, that the re*] 
duced plans would be inaccurate, owing to dis^ 
tortion prodiiced by the lens. But a acientifid' 
committee, of which the late Sir lioderick Murchi- 
son was chairman, reported in 1859 that the greatt 
deviation in any part of the plans from peifect ae-! 
curacy does not amount to the ^^uth part of ai 
inch in the angle of the rectangle, and that even] 
this minute error is not cumiilative. Slanifcstlyj 
such an error is quite insignificant, and for 
practical pui-poses vanishes ; its maximum amoui 
can, in fact, be scarcely perceived, and is ram 
within the limits of the expansion and conti-action 
of the paper imder ordinary atmospheric changes. 
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The photographic process was therefore finally 
■adopted for the reduction of plans from the soo to 
tiie 2^3) and from the latter to the eix-inch scale 5 
it insured an accuracy previously unattainable) and 
moreover effected, in addition to an immense saving 
ill time, a saving in money which is calculated at 
not leas than £35,000 on the whole cost of the 
aurvey. 

The processes by which the plans on the abVpt 
acale are prepared and published having been 
already desciibed, let us now trace the steps fol- 
lowed in the reduction and engraving on copper 
for the six-inch slieets. In the first place, the as'on- 
scale plan which it is proposed to reduce is fixed 
to an upright board in the photogmphie room, 
which can be adjusted to any required height. 
Opposite to it is the camera, placed on a table which 
travels on a small tiamway on the floor, and fur- 
nished with means of lateral and vertical adjust- 
ment. A rectangle of the size of the required 
reduction, viz., nine inches by six inches, being 
marked on the ground glass of the camera, the in- 
stniment is moved backward or forward, and other- 
wise adjusted, untd the lines of tliis rectangle 
exactly coincide with the marginal lines of tlic 
image of the plan on the board as seen through the 
camera ; a negative is then taken and printed from 
in the ordinary manner. The print is now " touched 
up," for the future guidance of the copper-plate 
engraver, by penning in faded parts, rewriting the 
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altitudes, and colouring the parks, woods, water, | 
houses, &c., with distinctive shades. It is next-J 
traced, in outline only, with lamp-black, on veiy I 
thin paper ; and the tracing is then transferred in I 
the nsual way to the wax£cl surface of a copper ' 
plate, on which the sheet-comers and trigonometri- 
cal points have been previously scored by machine.* j 
A six-inch plan contains the eaaie area as sixteen 
plans on the bsVj scale. Sixteen equal rectangles, ' 
each eon-esponding to the area contained in a 
single photogi'aph, are therefore ruled in faintly on 
the waxed copper-plate, so that each tracing, as it > 
is transferred, may be laid accurately in its tiiie 
position. The plate is now ready for the engraver. 

The reductions by photography of town plans i 
fi"om the sSet to the jsVo scale (with the view to ' 
representing the towns, thus reduced, on the parish 
plans) are made in the same way as those for the 
sis-inch sheets ; the prints are then ti'aced in greasy 
ink, in spaces left for them on the tracings from. | 
the manuscript 250a plans, which, as desciibed in \ 
the preceding section, are afterwards transfeiTcd 
to zinc plates for puhlieatlon. 

* It wil! be obvious to the reader ttat when, as iu the cas 
of the Dncultiiated diBtriutB, the survey has been drawn i 
manuscript on the air-inch scale only, a tracing can be taken ] 
direct from the plan, and transferred to the copper, the inter- 
vention of photography being now unnecessary. 

t Or from the scales of live feet or ten feet to a mile, on ' 
one or the other of which the towns were generally drawn and 
engraved, prior to the introduction of the Tjjg scale and th& 1 
lublication of thp town plana by zincography. 
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the engraving department at Southampton, 
ded over by Colonel Cameron, C.B^ Sr Henry 
James's able sectmd in command^ every process is 
resorted to by which the work can be cheapenetl 
and expedited, and its perfectness and nniformity 
iusnred. Steel ponchos are used fur the trees^ 
woods, bushes, and figures, a ruling-machine for 
shading tlie buildings, and a dotting-maehhie for 
the parks, Bands, and mud ; aud by means of 
these, and of elaborate subdivision of labour in 
other parts of the work, an almost perfect simil- 
arity of style and finish in all the plans is 
obtauied. 

One very usefiil feature in the sis-inch plans, as 
now published, is that the degrees, minutes, aud 
seconds of latitude and longitude are marked upon 
the margins. Thus, not only can the geogmphical 
position of eveiy spot in the country be exactly 
found, but, in cases where other means of descrip- 
tion fail, boundaries of properties may be defined 
and identified by the latitudes and longitudes of 
their extremities. Still more valuable is the iiitbrni- 
ation as to the fonii and undulations of the surfiicu 
of the country which is given by means of lines of 
identical elevation, technically called " contours," 
— that is, a system of lines representing the inter- 
sections with the surface of horizontal planes at 
certain stated vertical intervals — which are traced 
out over all the sinuosities of the ground, and 
afterwai'ds engi'aved on the platca; contour liuoa 
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may be faniiliarljr illiistrated by tbe borizontal] 
ti-aces left upon a beach by the receding tide. For 
the Oi-dnaiice Survey, the contours are given at 50, 
100, 200, 300 feet, and so on up to 1000 feet, above 
the Liverpool datum. In this way, the relative 
heights and slopes of tbe surface are indicated with 
considerable minuteness and accuracy, and without 
tliat tendency to obscure tbe other details ■which 
accompanies the ordinary methods of representing 
groiind by lull-shading. The contours are inserted 
by field-workmen, on the ground itself, on prints' 
from tbe six-inch photographs. Arriving at the: 
spot where he is to begin, the contourer, who mA 
provided with a " contoming theodolite " and stafl^' 
first finds a starting-point on the contour be is re- 
quired to trace, by levelling up or down to it from^ 
the nearest bench-mark shown on tbe photograph. 
If, for example, he wishes to run a contour at SOD 
feet, and the nearest bench-mark is at 305 feet, he 
levels down five feet from the mark. Having thus 
found his contour, he follows it out on the gi"ound 
at the dead level, wherever it leads him, by th( 
help of bis instrument, and is able to mark i1 
couree on the photograph by measurements to 
neighbouring objects. In this manner, each con- 
tour successively is traced and plotted, constant 
checks upon tbe workman's accuracy being afforded 
by references to the neai'est bench-marks wherever 
the contours intersect the original lines of spirit- 
levelling. The contoiu' lines, thus marked 
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the pliotogi*aplis, are then engraved ou the copper 
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One-inch Maps. 



It remains to sketch the processes by whicli the 
one-inch maps are made. Photography is not 
used for the reductiona in this instance, the ratio 
of the reduction being so very great that it is 
necessary, for the sake of distinctness, to omit 
some details and enlarge others, conditions which, 
from its very property of faithfulness in delinea- 
tion, the photographic process fails to fulfil. A 
sheet of paper of the required size having been 
prepared with its marginal lineSj and also having 
had ruled upon it rectangles corresponding in size 
and position to the several jsVj or six-inch plans 
which make up the whole area of the sheet, a 
manusciipt drawing, complete in all except the 
contours and hill-shading, is then made, the re- 
quired outUne in each rectangle in succession being 
reduced with the pentagraph to the one-inch scale 
ii-om six-inch photographs of the large-scale plans ; 
or, as in the case of the uncultivated lands, from 
the six-inch manuscript plans themselves. This 
drawing is now traced, and transferred in the usual 
way to a waxed copper plate ; the outline, names, 
and ornament are then engraved. 

At this stage of its progress, the plats is elec* 

typed, and on the duplicate and absolp* 



copy of the ovigiiial wliicli is thus obtahiecl the I 
contour lines and altitudes are afterwards engraved. M 
The hill-featiires, without contours, are then ea-m 
graved on the original; and, when these are finished, ■ 
another electrotype duplicate of this plate is taken, I 
and the geological lines are inserted npon it. So I 
that thus, without any of the engi-aving having- 1 
been done more than once, three editions of the I 
one-inch map are issued to the public, one with-1 
contours, another with hillsj and a third with hillaj 
and geological lines.* Electrotyping is not onlyj 
useful in this manner for making duplicates of the 1 
plates in various stages, with a view to furnishing I 
difterent classes of information. In order to ensure I 
a future supply of perfect impression.?, the first I 
electrotype casts in relief — matnces^ as they are I 
tenned — of the plates when in their fresh and un- I 
worn condition are put by in store, to be hereafter ■ 
used for obtaining duplicate plates, to print from J 
when the originals have become worn out by_ long M 
use. In future, therefore, the public will have no J 
cause to complain, as heretofore, of being occasion- I 
ally supplied with bad impressions fi'om old and J 

* By an ingenious process, lately deyiaed, the drawings of ■ 
tlie hill features, after having been photozlncographed, are M 
printed, either in black or eoloura, from separate bill-platea, on t 
iuipresaions from the one-iuoh outline plates. Thus, maps with, 
the hill-features are issued promptly to the public, almost as 
Boon aa the outline plates are ready, and without waiting for 
thfl hllli to be engraved, For a fuller accflunt of this proceas, 
eeo "Oeean Highwayis" June, 1S73, p. 107. 
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damaged platca. Another great advantage of the 
electrot_ype process is the tacility which it affords 
for making altei-ations on the plates. To erase lines 
cut into the copper is a tedious and difficult pro- 
cess, and likely to injure the rest of the work. But 
a ■mati'ix shows the lines in relief, and fi-om this it 
is easy to scrape off obsolete details ; a duplicate 
plate, with the lines in intaglio, being then taken 
from the altered viatrix^ the cngi'aver is able with- 
out difficulty to add the fresh details where needed. 
It will be readUy understood how valuable this 
process is for the insertion of new railways, roads, 
and so forth. 

The hill-features for the one-inch maps are firet 
sketched, in the field, on dry proofs from the sis- 
inch contoured plates. Finished drawings from 
the field sketch ai*e then made, on cardboard im- 
pressions from the one-inch outline plates, and 
furnished as guides for the engraver to work by. 
Beautiful and delicate in finish as is all the work 
of the copper-plate engi-avers on the Ordnance 
Survey, there is perhaps no branch in which they 
so peculiarly excel as in their delineation of , hills 
on the one-inch plates. Certalnlj'-, no other map- 
engravers in Europe produce anything equal to it. 
Fine gi'aving needles are used to etch in the lines, 
and the requisite deepening of the tints ia given 
aftei-wards by a process called "biting m," which 
consists of exposing the cut lines in the copper to 
the action of aquafortis, the general surface of the 
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plate being j)rotectecl by a coating of a substance 
called "etching ground." The deeper the shade 
required, the longer or more fi-equently must 
aquafortis be allowed to act ; and, at each succei 
ive application of the acid, the parts already 
Buffielently bitten in are protected from fiirtber 
action by painting them with a " stopping varnish." 
So slow and delicate, however, are these procesi 
that the average progress of the best workmi 
does not amount to a square inch daily. 

Pkesent state of the Publication of the 
Maps and Pl^vns. 

Of the progress made in the publication of tlie 
survey it is impossible to give exact details with- 
out a tedious enumeration ; but the following short , 
abstract will convey some idea of it : 

III England and Wales. — The four northemmositj 
counties, Middlesex and Surrey, the Isle of Man,l 
and Isle of Wight, nearly all of Flintshire, Kent" 
and Hants, and parts of fifteen other counties, have 
been published on the g^'oij scale ; the six northern 
counties, Isle of Man, and Isle of Wight, and parts 
of nine other counties, on the six-inch scale ; 
the six northern coimties on the one-inch scale* 
with hills. In 1871, the tremendous task of 

* This refera only to the sheets on the new projection (»m 
p. 14), and not to the original one-inch military map o 
lund and "WalcH, the whole of whicb is published. 
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drawing the detailed plan of London on the five- 
feet scale was finished ; it is contained in 326 
full-sized sheets, about 170 of which have been 
published. A skeleton plan of the whole metro- 
polis,containedin821 quarter-sheets, was published 
some ten years ago. About 140 other towns have 
also been published on the jjg, or the five-feet, or 
the ten-feet scale. 

In Scotland. — The cultivated parts of the Isle of 
AiTan, and of about two-thirds of the mainland, 
including all the south and cast except six small 
counties, are published on the TsVir scale ; the Isles 
of Lewis and AiTan, and more than half the main- 
land, compiTsing all the south and east parts of the 
country, on the six-inch scale; the same two islands, 
together with nearly half the mainland in the south 
and east, on the one-inch scale with hills ; and all 
the towns (sixty in number), "Wick excepted, on the 
550'j OT the five-feet, or ten-feet scale. 

In Ireland. — The county of Dublin has been 
published on the ^-^^-^ scale ; the whole country on 
the six-inch scale ; the whole of it on the one-inch 
scale in outline, and about two-fifths of it on the 
same scale with hills ; and forty-nine towns on the 
3-^0 or the five-feet scale. 

All these maps and plans are supplied to the 
public at a cost which places them within reach of 
every one to whom they are likely to be of use or 
interest. With the new one-inch quartei'-sbeets of 
England and Wales, and Ireland, for sale at la 
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eacli ; the one-mcli lialf-ehects of Scotland at Is 9^ 
the six-inch sheets at "Is and 25 Gd ; the ^"inr pi 
at an average price of 3^ Gd, and the towu pli 
at prices of from 2s Gd to 6s, no one will need h 
futm-e to be witliout a beautiful topographical map' 
of his neighbourhood, or a perfect plan of lnrf:| 
property or holding, be it an estate, a mansion, a 
faim, a field, or even a cottage. And, although the 
above scale of prices might possibly be somewhat 
reduced and simplified, there can be no doubt what- 
ever that, even at the present rates, the public get 
their full money's worth for their money. 



Statu of the Surveying. 



The surveying is, of course, considerably in 
vance of the publication. Out of the 58,000 square 
miles which make up .the area of England and 
Wales, very nearly two-fifths have been surveyed, 
whUe about one-sixth only has been published on 
the an'otf scale, and little more than one-fourth on 
the six-inch scale. The survey is now going on ifl, 
Berks, Hertford, Essex, Derby, Chester, Denbigl 
Glamorgan, Wilts, Oxford, Bucks, and Susseaij 
Of Scotland, with an area of 30,000 square mileflj 
though but six-tenths have been published, nearlyr 
nine-tentlis have been siirveyed. Ross-sliire 
the only unfinished county on the mainland, and, 
if the weather be favourable, it will be finish( 
tins year. Hence, Ireland being already comr 
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pleted, there will remain at the bcgiiming of next 
year nearly three-fifths of England and ^Vsiles, 
besides the Orkneys and Shetlands and most of 
the western Islands of Scotland, in order to finish 
onr gi'eat national cadastral snrvcy. 

How long tliis task will take is a qnestion mainly 
of money, and depends on the sums that may be 
voted annually by Parliament. The larger the 
grants, the quicker and also cheaper will the work 
be. If the progress has until lately been slow, it 
is because the sums voted year by year were for a 
long" time very small in proportion to the total 
cost of the work. It is absolutely necessary, how- 
ever, for the completion of the survey within any 
given time, or for any given sum, that the amounts 
of the annual grants, however large or small they 
may be, shall not vary much from year to year. 
For while, on the one hand, a largfe decrease 
necessitates a reduction of the working parties, and 
adds materially to the cost per acre of the work, 
on the other hand, a large and sudden increase is 
at first equally expensive and unfruitful, since the 
special skilled labour of the department needs a 
long com-se of practical training, and cannot be 
obtained in a moment. In 1858, Sir Henry James 
estimated the cost of completuig the survey of 
Great Britain, on the scales now ordered, at about 
£2,207,000, provided that the grants should be 
steady and liberal. In 1870, hy which time some 
X740,000 of this amount had been spent in the 
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pTOaecution of the survey, the figures were again 
gone into, the result showing that the pi-oportion 
of work done was equivalent to the sum expended, 
and thus justifying his fonner estimate. There 
remained therefore, in 1870, £1,467,000, as the 
probable cost of completion. This, at the present 
steady rate of about £100,000 per annum, will 
finish the survey some twelve years hence, soon 
after which we shall probably be in possession 
of a complete set of topographical maps and ca- 
dastral plans of the United Kingdom, of a kind 
which it is safe to describe as more perfect in 
accuracy and finish than any hitherto seen in 
Europe. 
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Revision of the Maps, System of Sale, &c.. 

Without periodical revision and correction, all 
maps must sooner or later become obsolete and of 
little use. It will, therefore, be necessary before 
long* to establish a permanent revision department 
for the whole Kingdom, to be constantly engaged 
in bringing the maps and plans up to date. In Ire- 
land, a sub- department of this kind is already in 
working order. It is considered, by those who are 
best qualified to form an opinion on the matter, that, 

• It would seem tiiat it is already time for the revision to 
he begun ie Great Britain. The 2 ^Vo-^'^'il'^ survey lias been 
in progress for about eighteen years ; and fresh editions of the 
maps of the districts first surveyed, and especially of those parts 
of North Keiit and North Surrey which were done from ten to 
llfteL'n years ngi>, art- even now very much wanted. 



on an average, the issue of a corrected edition of the 
sheets every fourteen or fifteen years will sufficiently 
meet the puljlic requirements. We may suppose, 
therefore, that the United Kingdom will ultimately 
be di^aded into fourteen or fifteen districts, (each 
such district to be situated partly in each of the • 
tliree Kingdoms), and a revision department be 
maintained on such a footing as will enable it to 
produce a con-ected edition of the maps of one 
district in each year, and perhaps also to keep 
small parties constantly at work in the mcti'opolis 
and its suburbs, as well as in others of our largest 
and growing cities, and veiy populous neigh- 
bourhoods. The cost of this service has been esti- 
mated by Sir Henry James at about £38,000 per 
annum, of which sum, however, the greater part at 
least will pi-obably be repaid by the sale of the plans. 
Thus, though the parent survey Is an absolute cost 
to the nation, it is anticipated that, when this is 
finished, the Survey Department will thenceforward 
be nearly or perhaps quite self-supporting. 

But, in order that this expectation may be ful- 
filled, it will certainly be necessary to use all 
possible endeavours to make the Ordnance maps 
more accessible and better known to the public 
than they are at present. As Mr. Francis Galton 
very truly remarked, wKen drawing attention to 
this subject at the recent meeting of the British 

Kssociation at Brighton: — 
" English geographers are justly proud of the 
^ : , 



" Ordnance maps, wliosc accui-acy and hill sliadlng 

" are unsiu-passed elsewhere It is much to 

" he regretted that these beautitiil and cheap maps 
" are not more accessible. They are rarely to 
" be fonnd even in the principal booksellers' shops 
" of important country towns, and I have never 
" observed one on the bookstall of a railway 
" station. Many educated persons seldom, if ever, 
" see thera ; they are almost unknown to the 
" middle and lower classes; and thus, an inj^S 
" portant work, made at the expense of the publi 
" is practically unavailable to a large majority of ■ 
" those interested in it, who, when they want a 
" local map, are driven to use a common and 
" inferior one." 

Various methods of supplying the Survey mapSJ 
to the public have from time to time been adopted. 
Prior to 1866, 150 afijents in the cltief towns in the 
kingdom possessed the right to purchase maps, for 
sale to the public, from the depots at Southamptta 
and Dublin, at a discount of 25 per cent. Sine* 
1866, and till quite recently, this right has been re- 
stricted to sis chief agents, viz. : four in London^ 
one in Edinburgh, and one in Dublin, who receive* 
a discount of 33^ per cent, on the sale price, i 
through whom alone the trade and the publitrj 
could be supplied. To this system it was not i 
frequently objected that country booksellers t 
discouraged fi'om competition, that Govemmei 
lost money by tlie change, and that, however greati 
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might be the zeal and disinterestedness displayed 
by the chief agents the maps and plans were 
not bronght as prominently before the public as 
they might have been. Within the last three 
months, however, the former plan, or rather 
an extension of it, has been reverted to ; the 
sole rights of the chief agents have been wlth- 
di-awn, and a large number of booksellers in all 
parts of the kingdom have been appointed agents, 
all alike receiving a discount of 25 per cent. 
Government depfits have also been established in 
London, Edinbm-gb, and Dublin, for the readier 
supply of maps to tlie agents or the public. Some 
years ago, Sir Henry James, if we are rightly in- 
formed, drew up and pressed unsuccessfully on the 
Government a scheme for establishing Ordnance 
map agencies at a number of the chief post-offices 
throughout the country, regard being had, in select- 
ing the offices, both to their distances from one another 
and to the comparative density of the population 
that each would have to serve. Mr. Gallon, in the 
speech from which we have quoted, made suggcs - 
tions of a similar kind. It would thus appear that 
there has hitherto been some difference in opinion 
on the subject, as well as in the course taken by 
successive Govermnenta. The question is one of 
considerable importance both to Govcniment and 
the public, demanding thordtigh investigation and 
trial, and the final adoption of that system, which- 
ever it may be,ivhich is found to combine the lai-gcst 
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Sale of the maps with tlie gi-eate&t heneBt to tl9 
country. It cannot for one moment be maii^ 
tained (as has been done), in the consideration of 
this question, that Government ought not to presa 
the sale of their maps, for fear of interfering with 
private trade interests. As Mr. Galton points 
out, " The nation lias deliberately chosen to under- 
take the survey, on the ground that no privi 
enterprise could accomplish it satisfactorily, 
right course to follow is that which will best rendf 
the Survey popular, and its publications easil 
and cheaply accessible ; so that the beautiful maps 
and plans for which the country has paid — instead 
of being half hidden out of sight, or replaced by 
copies or reductions, no cheaper than the originals, 
and vastly inferior to them in accuracy and finisb — 
may be freely circulated amongst all classes of the 
public. 

MtSCKLLANEOUS WoKK OF THE SURVEY DePAR': 
MENT. 

We have thus far dealt chiefly with the main 
subject — the surveys of the United Kingdom, and 
the geodetical operations immediately connected 
with them — and have made no mention of the 
subsidiary services which the Survey department 
is frequently required to perform. To the im- 
portance and miscellaneous character of these 
services Sir Henry James's annual reports beat 
testimony. There could, indeed, 
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better proof of the naefuliiCHS and resources of the 
depai'tiuent, and the growmg appreciation of the 
national siurvey, than that which is afforded by 
the numerous demands upon the office at South- 
ampton, for maps and plans and various kinds of 
aid, which are constantly being made from all 
quarters of the kingdom. Nearly every Govern- 
ment department, and public bodies throughout 
- the counti'y, have thus, in some way or other, 
within the last few years, derived help and in- 
formation from the Ordnance Sui-vey ; and their 
demands are steadily increasing. 

To illustrate this by a few examples culled from 
the annual reports, we may cite the large surveys 
(nearly 700,000 acres) made for the War Depart- 
ment between 1858 and 1863, for designing works 
for the defence of the country, besides surveys of 
a similar kind in Canada and Gibraltar, and plans 
for military purposes in many other parts of the 
world ; maps of the river-systems and catchment- 
basins in England and Wales, for the Eoyal Com- 
miBsion on Water Supply ; plans of the high- 
water line and areas of foreshores in the United 
Kingdom, for the Commissioners of Woods and 
Forests ; plans for the Landed Estates Court in 
Ireland, as fully described in the early part of 
this pamphlet ; plans of the Borough and other 
boundai'ies in England and Wales, for the Parlia- 
mentary Boundary Commission of 1866; and a 
large number of plans, with boundaries, areas, and 
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other information, for the Census Commissionera on 
1870. To these may be added miscellaneons ' 
surveys and plans for the Foreign Office and the 
Admiralty, the liother Levels Commissioners, the 
Post-Office Telegi'aphs, the Inelosure and Tithe 
Office, the Army Medical Department, and other 
bodies too numerous to mention, together with the 
surveys of a large number of towiis for the Board 
of Health; and, lastly, tlie surveys just completed, 
as part of the cadastral survey, for the Thames 
Valley Drainage Commissioners. It is siu-ely un- 
necessary to swell further this catalogue of 
examples in proof of the wonderful utility of the 
Survey department and the multifarious nature of 
its duties, as well as of the essentially national 
chai'acter of a survey that can thus fulfil so many 
public purposes. 

The department is also a school for topogi-apherS'-J 
engaged in other parts of the world. At different 
times, parties of surveyors have been trained and 
equipped at Southampton for the Cape of Good 
Hope Survey, the Oregon Boundary Commission^ j 
and the British Columbian Expedition; anji 
special instruction is frequently given to officera 
and men engaged in the surveys of our colonies 
and foreign possessions, and even to officers of the 
topographical departments of Continental state^^ 
The Ordnance Surveys of Jerusalem and Sinai^* 
though semi-official only, and not paid for from 
public funds, nevertheless owe much of their 
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success, and of the value which is now attached to 
them, to their connexion with the large and well 
organized department at Southamptonj in which, 
the public justly have perfect confidence j and the 
Palestine Exploi-atioii Fund still gladly di-aw their 
working purveyors from the well trained staff of 
^|k Ordnance Survey. 

^^ Photozincoceaphy. 

■ There is one very interesting bi-anch of work, 
which, though not directly applied to Ordnance 
Survey purposes, is largely carried on at South- 
ampton, in the reproducrion, rapidly and in large 
numbers, of facsimiles of special plans and foreign 
raaps, ancient manuscripts, &c., either of the same 
size as the originals, or to any required lesser 
scale. AVe refer to the process of photozincography, 
invented and brought to perfection by Sir Henry 
James and Captain A. de C. Scott, R.E., in 1859, 
which, as its name suggests, combines the accm-acy 
of photography with the facility of piinting from 
zinc plates. Without entering into a detailed de- 
scription of this now well known process, we may 
explain, briefly, that it consists of obtaining fi'om 
a photographic negative on glass a pnnt in greasy 
carbon inlf, which can be ti'ansferred to a zinc 
plate, and pi-inted from in the ordinaiy way. The 
main difference, in fact, between zincogi'aphy and 
photozincography is that whereas, in the one case, 
as wc have already explained, a tracing from the 



original document, or from a reduction of it, is mi 
in greasy ink, and ti-ansferred to the zinc, in th# 
other case, a photography direct from the original, 
and therefore free from all en-ors of the draughta- 
man's hand, la made to answer the same purpoi 
as the tracing, and to serve for producing an eqii 
numher of impressiona. Photozincography is thi 
ill some respects superior to zincography, especially 
for certain kinds of work, and when the original is 
not too large to be photographed to the requii-i 
size in a single picture. "NVlien the oiTginal has 
be photographed in parts, and the prints joined! 
before being transfen-ed to the zinc, the process is 
more troublesome ; photozincographs exceeding 
3 feet by 2 feet in dimensions have neverthelew, 
Lieut.-Coi. Parsons states,been successfully prepared, 
in this way in the department under hia charj 
The method also enjoys this advantage, amongsl 
others, over photography — that the impressioi 
from the zinc in carbon ink are not liable to fs 
like photographic prints in silver. 

It is in the reproduction of facsimiles of rare 
deeds and ancient manuscripts that photozinco- 
graphy has been chiefly and most successfully em- 
ployed at Southampton. Thus, in 1860, thi 
Treasury directed tliat a facsimile copy of tl 
pail; of Domesday Book which relates to Corawi 
should be made by this proceaa ; and this was 8( 
followed by the reproduction and publication fc 
sale, county by county, of the whole of that 






terestiiig work, which has ihus been distributed 
throughout the tingdom at a low rate of cost. This 
step proved so successful that in 1864 Sir Henry 
James suggested to Government die publication, in 
a similar manner, of a selected series, chronologi- 
cally arrangedjof the State papers preserved in the 
Public Eecord Office ; with the view, not only of 
giving the public easy access to the interesting 
subject matter of the documents, but also of illustrat- 
ing the change in onr language and ivriting from 
time to time. This series, eonsisting of facsimiles — 
with translations and explanatory notes by Mr. W. 
Basevi Sanders, Assistant Keeper of Kecords — of 
the most curious and interesting of our national 
records, from the time of William the Conqueror 
to that of Queen Anne, has been published in four 
parts. A selection of the National MSS. of Scot- 
land has also been published, in three volumes ; 
and an extremely interesting Irish series is in 
course of reproduction. In 1870, a photozinco- 
graphic facsimile edition of the Black Letter 
Prayer Book of 1636, which contains the MS. 
notes showing the alterations made in the 
authorised version in 1661, was published for the 
Hitual Commission; and in 1870-71, two such 
facsimile editions of twenty pages of the Parker 
!Register in Lambeth Palace library were printed 
for the work entitled Ordinum Sacrorum 
^cclesid AnglicanA defensio. Altogether, so TQ; 
mai'kablc has been the success of the iiliutozinct 



gi'aphic process that it Is now in general use 
this coimtiy, as well as in India, America, and 
chief States of Europe. It is indeed liai 
possible to estimate the value of the many 
which photozincogi'aphy may be applied. Esact 
identical counterparts of the most important and 
precious documents can be obtained cheaply and 
rapidly, and without any risk of error in copying, 
or likelihood of injury to the originals. And not 
manuscripts only, but maps and plans, and even 
the finest engravings; in fact anything, whether 
drawn, written, or printed, which is represented 
by lines, can be easily and faithfully reproduced. 
It has also been applied to the representation of 
natural objects, scenery, &c., but with less success, 
owing to tlie great difficulty of obtaining fine 
gi-adations of shade. 



Pkojectiohs 



FOR Maps op the "Woeld, 
Stakchakts, &c. 



The want of unity of design and principle whiol 

is shown in the construction of our various published 
maps and charts has long been recognised as a 
glaring defect in cartogTapIiy. "With the view of re- 
medying this defect, by securing a uniform system 
forallgeogi'aphical maps, Sir Henry James, in 1868, 
designed'a projection for maps, on the scale of 10 
miles to an inch, of every part of the world, 
published an account of the projection, with 
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and diagrams for the construction of the maps pre- 
pared by llr. J. O'FaiTcll, of the Oi'dnance Survey. 
For full particulars of tliis, wLich is called the 
" Rectangular Tangential" system of representa- 
tion, we must refer our readers to the work itself,* 
merely i-emarking that it combines the best prin- 
ciples of projection, and the least possible distor- 
tion of the form and area of the features as repre- 
sented on the maps, with the further advantage of 
enabling us to put together, as a connected map, 
any number of sheets that can be required for 
simultaneous examination. In each map, the 
meridians and parallels intersect sensibly at right 
angles, and the whole series would as nearly as 
possible fit together on a model of the globe 66 
feet in average diameter. If other nations would 
combine with us in adopting the same system, one 
first meridian,! and one nnlfomi scale or set of 
scales of representation, the geographical maps of 
all counti-ies would then exactly correspond, and 
afford every facility for international comparison 
and use. It is perhaps too much to expect this, 
for at any rate some time to come ; but we may 

* " Ott the Rectangular Tangential Projection of the Sphere 
and Spheroid, &c." Ordnance Survey OfBce, Southampton, 
1868. 

t Sir 'H. James says [hat the meridian of Greenwich, which 
is very nearly iu tlic centre of the habitable portion of the 
earth's surface (Falmouth in so exactly), should bo taken as the 
first meridiau for all naliouu. 
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fairly hope that, iit least in our own couutry, the 
maps of all parts of the world, whether consti-ucted 
by Government or by piivate geographers, will 
ere long be made in conformity to this excellent 



While on the subject of pi-qjections, we must not 4 
omit to mention the geometrical projection of two- | 
thirds of the sphere, invented in 1858 by Sir « 
Henry James, who was the first to devise a geo- ' 
metrical projection of more than a hemisphere. lu 
this, the observer is considered to be looking into, 
not at, the sphere, from a point half a radius dis- 
tant from it 5 and the plane of projection is situated 
between the eye and the centre of the sphere, at a 
distance of about two-fifths of a radius from the 
latter, and perpendicular to the line which joins 
them. Tills projection is well adapted for compre- 
hending the relative positions of the vaiions parts- 
kof the earth's surface, for tlie representation of ^_ 
isothermal and iaobarometrical lines, and lines of' ^H 
magnetic declination, and especially for charts of ^H 
the stars. By fixing the point of projection in the ^M 
axis of a great circle whose pole is in 15" E. Ion- H 
gltude, and 23" 3Q' N. latitude, a map constructed ™ 
on the above principle represents that portion of the 
globe which embraces the gi-eatcst quantity of 
H land. 'M 

^H Southampton Map Office, ^M 

^^^ The head-quarter establishment of the Survey, ■ 

m i 
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oathampton, is well worth a visit from alTwLo 
have the opportunity ; there is always something 
new to see, some ii'esh information to be gained. 
Here, the visitor may esamine at leisure the vaiioua 
map-making and other processes of which we have 
given a brief outline in this pamphlet. He may 
trace every step in the manufacture of the sheets, 
from the time when they are received in manuscript 
from the country divisions till their final issue for 
circulation to the public, and may learn more in a 
few hours than we could tell him in double 
our present space. Between 300 and 400 work- 
men of various grades, fj'om the skilled engravers, 
photographers, and computers, down to the boys 
who stamp and colour the plans, are constantly 
employed, under the superintendence of the 
Engineer officers and non-commissioned officers of 
the department. The large libi'ary in the central 
building is full of objects of interest. The com- 
pensation bars with which the principal bases were 
measured; specimens of the maps and plans 
on all the survey scales ; archfeological and geo- 
logical models, drawings, and specimens from all 
parts of the kingdom ; photogiaphs and photo- 
zincographs without end ; the volumes of national 
manuscripts; the models, collections and publica- 
tions of the surveys of Jerusalem and Sinai; in 
fiict, examples of all the work achieved by the 
department, are here collected for examination. 
The photographic building, where the plans are 
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Demy 6to, half-bound roan, Hi. [FfMiebed AraiuaBg. 

BIRCH.— EXAHFLES of LABOURERS' COTTAGES, vith 
PLANS for IMPROVING the DWELLINGS of the POOR m 
LAUGE TOWNS. By John B:roh, Arohitait, Author of 'Desigm 
for DwellingB of the Labouring Classea,' to which was awarded tb« 
Medal and Fremiom of the Society of Arts. Imperial 8vo, doth, 
iliuBtrsted, 3s, Sd. 

BOLLAERT.-The WARS of SUCCESSION of PORTUGAL 

and SPAIN, from 182G to 1840: Containing an Account of tbe Siege 
ofOporlo, 1832-3; Reminisceuoee, Political, Military.&c; with H&anii 
of Political EiBtnry lo the Preaent Time. By WniiiM Bollabbt, 
P.R.G.8., Cnr. Mem. Univ., Chile ; Ethno. Socs. London, New York, 
£c. With Maps and Illuatrations. 2 vols, demy 8vo, clotJi, 30>. 

BOOK-KEEPING.— THOUGHTS on DOUBLE ENTRY and 
BALANCE SHEETS, with Esaraplee of a Ledger, the Balancing of 
Accounts, &a. Addressed more particnlarly to Sbaceboldeis in Joint 
StiMk Companiiia. Fo^ 8vo, cloth, Is. 6d. 

B0ULOGNE.-GUIDE to BOULOGNE and its ENVIRONS. 

With Maps and Illustrations. Demy 12mo, cloth, 2s. Gd. 

EDWASB STAKFOHD, 6 & 7, CHABINa CS0&8, 8.W., 



BOWEIVG. — The DECIMAL 8TSTEK. in STTXBEBS, 

COINS, and ACCOUNTS, eqieciijly with BEFEKENCE to the 
DECIMAU8ATI0N of Ibe CUBBEN'CY and ACCOUNTANCY 
of the UNITED KIXGDOM. By the late Sic Jons Bowkcig, LL.D, 
fonnerly Goremor of Hong EoDg, and Her Bribainic Majrsty'a 
FlentpbteDdary and SapciintendeDt of Trade in Clirna. Bepriated 
ftitta the 1851 edition. HhistTaled vitb 120 EograviugB of Coini, 
Ancient and Modem. Po«t Sro, cloth, it. 

BBADLE7 (Loiudale, F.G.S.)— As EHftinBT into the DEPO- 
SITION nf LEAD ORE in the MINESAI. VEIS3 nf SWALK- 
DALE, YORKSHIRE With Geological Hap of Sniedale, and 
nnmeruOj Geological Sectians, Boyal 8yo, cloth, 2Ii. 

BAEE6.- PICTORIAL ILL17STEATI0NS of KEW ZEA- 

LAND. By 3. C. Bbeee, late Friucipal Engineer and Snrveyoi to 
the New Zealand Companj. Ciotb, 21*. (poblifibtd at i2s,) 

BRITISH ARMY. The. SKETCHES OF BRITISH SOL- 
DIERS ; a Series of Coloured Prints, Eroni the Drawings made hr 
Command for Her Majesty the Queen, by Geobge Q, '^oiua, and 
gradooaly lent fi}r pnbUcation. 

The Series eomprieea : — 1. Life Goanla and Boyal Horse Gnardn — 
2. Dragoon Gnarda and Light DragooD?.— 3. Eojal -Artillery.—*. Bojal 
Engineers and Military Train.— 3. The Guards. — 6. Beguoents of tbe 



BROWHE (W. A., LLD.).— The MERCHAHT'S HAITDBOOE. 

A Book of Beference for the nae of those engaged in Domestic and 
Foreign Comineice. Second Edition. Demy I2mo, cloth. 5s. 

Thia work affords full and reliable information firom offidal sonrces 
of Ibe currencies and moneys of aeconnt, and the weights and measnrel 
of all the great commercial conotriea in the world. 

MOITEY. WEIGHTS, and MEASURES of the CHIEF 

COMMEHCIAL NATIONS IN THE WORLD, with the Britieh 
Equivalents. Fourth Edition. Demy l'2ma, cloth, li. Gd. ; or fnper 



— ARITHMETICAL EXAMPLES for MHITARY and 
CIVIL SERVICE STUDENTS: Being a complete Treatise on 
Arithmetic. Condaling of the Qaestiona that have been given at tha 
Military and Civil Service Eiaminatianj, with Bnle«, Similiona, and 
Answers. Demy 12mo, cloth, 5». 
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y Maiebs. Demy 12mo, cloth, ii, 6d. 



WHOIiBSAI^ Aim BETATT. BOOK AlTD KAP aELLBB. 
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BROWSE (W. A., LL.r.).-ABMT TESTS in ARITHMETIC: 

Being the QncationB sot to Candidates for Wonlwiiili Direct Comm ia- 
Bcma, Banaharet, CoramiBsariat, and Blafl' College. WITH ANSWEES, 
Demy I2ino, cloth, S». M. 

CIVIL SERVICE TESTS in ARITHMETIC : Being 

SpeoimeUd of the more ilifScult Qaestinus id tlie Civil t^ervice KeporiB, 
witti full Boliltions. To which arc appended the Queationa in tiio 
Eleventh Report, WITH ANSWEKS. Demy 12nio, cloth, 2i. Bd. 

ARITHMETICAL ftUESTIONS in the Sth CIVIL SEE- 
VICE REPORT, witli BolutioQB. Demy 12iuo, 1b. 

CIVIL SERVICE GUIDE to HISTORY : Being the Hib- 

iorioil Queflliona in the Civil Service Bepnrts. Arraiiged nnder the 
Beventl I'eriodfl and ReJgna to which they belong. Demy 12mo, oloth, 



CIVIL SERVICE GUIDE to GEOGRAPHT : Being the 

Geographical QuestionB in the Civil Service Rtports, ahowiug those 
that refer to the diSerenl Comitriea. Demy 12mo, Sd. 



CHAMBERS.-HAHDBOOK for EASTBOURNE and SEA- 
FORD, and the NEIGHBOURHOOD. By G. F. CnAMBEBe, 
F.R.A.S., of tlie Inner Temple, Borristor-at-Law ; Author of ' Descrip- 
tive Afitronomy,' Etc Fifth Edition, crown Svo, Is. ; with Map, Is. id. 

CHAPMAN (Jamea, F.R.G.S.).- TRAVELS in tlie INTERIOR 
of SOUTH AFRICA, comprising Fifteen Tears' Hnnting and Trading 
Experienoea ; with Jonmeya across the Contiuant from Naf al tn Wal- 
Tisoh Bay, and Visila to Lake Ngami and ViotDria Falls. With Maps 
and numerous Engravings. 2 vols, demy 8vo, cloth, i)2<. 



CHERPILLOUD'S (Prof. J.) BOOK of VERSIONS ; or, Guide 
to French Tranelation and Construction. New Edition, leviscd, by 
Prof. C. J. Dbulle, late of the City of Iflndon School. Demv 12mo. 



— KEY to tJie ABOVE.— PARTIB FRANCAISE do 
UVRE de VERSIONS ; on, Gnide k la Traduntion' de rAnglais 
en Frangais. By Prof. C. J. Delille. Demy 12mo, bound, 3$. 6d. 

EDWARD STANFOBD, 6 4 7, OHAfilNG OBOSS, S.W., 



CHBOVOLOeiCAL FICTTUILBS of EVGUSH BISTOAT. 
from Uie ANCIENT BBITOS8 to the Eeign rt QUEEN VIO- 
TOBIA. A Scnea of <0 PlUea, cootainhig 360 Qhutrftknia, bcMti- 
folly Tioied, Designed, and Drawn on Stooe, b; Sir Jomr GtLBnr, 
Fresideiitof tiieBoeietrofPaintaismWateTOnkiius. With an nddi- 
tiuDkl Phte lo iUoHtnle the Eeign of Qneen Victoria, tbu conttnouig 
the Series up to the Present Time. Each Plate iUostntcs ■ petiod ur 
a reign, and FkFsiniiled of the Antogtspha of the Sovenagna and tbo 
most diBtinsnighed Cljaractera are attached. Now Eiiition. Impetikl 
fhlio. half-bomid morocco^ 3'. ; the Set of Plates in Shwta, V. ; in best 
Oak Frame, with GIa£s, 3!. ; in cheaper Frame, with Gliua, 2L ISt. Gd ; 
Siugle Flatea, 1«. each. 

COOK (T. B.).-BRITA]nnA ALHAHACE, for tho Put and 
Patme, txunpriaiDg a period of 200 jeara. Price Gd. 

CEACEOFT'S I5TESTBIENT TEACTS.-AMEIUCA1T RAIIr 
WA¥S AS INTESTMENTS. Bj Eouert Oiffes. DiHliouted to 
the MouberB of the Ix^ndo^ Stock Eschange. Third EcUlioii. lioj-al 
8yo. Is. 

THE TRUSTEES' GUIDE : A SYNOPSIS of the Ordmiiry 

Powers of Trustees in re^ird lo luveatnienlH, with Practical Direotiooa 
and Tables of Securities. By Bebnabu ClliCHOfT. Koyul 8vo, 1». 

CnMKIKG.— GUIDE to the Z8LE of MAS, its Approocliee 
and Places of Besert, with namerons Walks, Drives, and Ezcursiona ; 
its History, Gcologj, Botany, Ac, Ac By the Hcv. J. O. Cimmtho, 
JLA., F.G.S., Vice-Principal of King Williama CoDege, Caatlotown. 
With Map. Fcap. 8to, clotb, 4*. &I. 

DALLT.— GUIDE to JE2SET and GUERNSEY; with Notes 
on their History, Geology, Climate, Agricnltnro, Laws, &f. Hy 
F. F. Dally, Esq, Author of un • Essay on Iho AgriouUiiro of tlio 
Chunncl Islands? Third Edition, With Maps. Fcap. tjvo, clutb, 
3s. Sd. ; or eeparatoly, Jersey, 2a. ; Guurasey, 2s, 

DAMON (Robert). -GUIDE to the GEOLOGY of WEYMOUTH 
and the ISLAND of PORTLAND : Containing a Map of this District, 
Ganlofjical Sections, Coast ViowH, Figures of the characlcristio Foasils, 
and otlier Illnstratinns : with numerona Notes on the Botany iwd 
Zoolcgy of the Coast and Neighbonrhood. Fcap. Svo, cloth, Sj. 

A Sapplemeot to the above, consisting of Nine Lithographio Plates 
of Fossils, drawn by Bone. 2a. 6d, 
SE HORSEY. -RULE OF THE ROAD AT SEA: Beiug 
PRACTICAL DmECTIONS for complying vrith the BOARD of 
TRADE REGULATIONS for PBEVlfflTING COLLISIONS at 
SEA. By Oaitain A. F. R. Dk Hobbey, K.N., Author of ' On Man- 
ning the Navy,' ' Our lion Navy,' &o. Fcap. Svo, cloth. Is. 

DE HORGAN.-ELEMENTBof ABITHUETIC. ByAuauBTus 
De Moroan; of Trinity CoUege, Ctpibridge: Fellow of the Royal 
Astronomical Society, and of the Cambridge Phtlosopbical Society; 
lute Professor of Matbematios in University Cuiloge, Loudon. Nine- 
teenth Thousand. Royal 12ma, cloth, 6g. 

WHOLESAUS AND RETAIL BOOK ANS MAP SELLER. 
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EAST INDIA ClVn SERVICE EXAHHTATIOIT PAPERS, 

for 1867, 1866, 1S65, 1864, 1860, 1859. Fcap. folio, 2«. M. each. 

Further Examination Papers. 1863. Fcap. folio, 2a. &d, 

EAST LESSONS in FRENCH CONVERSATION, adapted to 

the topics generally intereatiiig to Sclioolboys. Demy 12mo, cloth, 
li. ed. 

EDWARDS. -STATISTICS of AIL COUNTRIES in the 
WOKLD : Giving their Aroa, Form of Govenimcot, Head of Slole, 
Popaltttion, Eipenditare, Debt, Paper Modbj, Notes in Circulation, 
BtaiidinK Anny, Navy, Merchant Veaaela, ImportB, EiportH, Chief, 
Froducta, Money, Weights and MeBBurfg. Roil nays, Capitaia and Chief, 
Towna. By Dr, Orro HtlaNKR, Direotor of the l4aB8ian CentnJ StafiB- 
tioal Ari-hiVBB. The Eogliah Edition, nith the eauotion and co-operation 
of Dr. Hiihnfr, by H. Si^tqeblakd EonARDa. One large sheet, folded, li, 

EHRLICH.-A FRENCH UETHOD, THEORETICAL and 
PEACTIOAL ; adapted to the Requirenienta of the University Middle- 
Glass Exaniinationa, By H. W«. Ehblich, M.A„ Ph.D., Frendi 
MuBler, Royal Graninioi School, Newcaatle-Dn-TjTiB. Demy 12Lno, 
cloth. 38. Gd. 

ELLIS'S LATIN EZERCISES, Corrected by T. K. Aknoiji. 
12mo, cloth, 3s. 6d. 

KEY to the Above. 3s. 

ETIENNE'S LITTLE BOY'S FIRST FRENCH BOOK; 
On the plan of Arnold's Henry's Firut Ijatin Book. Second Edition. 
Demy 12mD, cloth, 2e. Gd. 
EVILL CWm.).-A WINTER JOURNEY to ROME and 
BACK. With Ghmcea at Gtrasburg, Milan, Florence, Naplea, Pom- 
peii, and Venice, and an Accuunt of the Siege and Fall of Straaburg. 
Third Edition, with Map and Appendii. Crown Bvo. cloth, 4«. 6d. 
FITCH (J. G., M.A,).-METHODS of TEACHING ARITH- 
METIC. A Iiectnre addressed to the London AGaodatioa of School- 
miatreaaea. By J. Q. Fitch, M.A., one of Hor Majesty's Inspectora of 
Schools, and Eiaminer in the University of London, Ac Second 
Edition. Price 6rf. 
FITZ-GEOEGE.-PLAN of tie BATTLE of SEDAN, accom- 
panied by a Short Memoir. By Captain Firz-GEORQE, Royal Welah 
Fosiliors. With Colonred Mapa and Photographic Views. Demy 8to, 
oloUi, 12a. 
FOSTER.-BIANUAL of GEOGRAPHICAL PRONUNCIA- 
TION and ETYMOLOGY. By A. F. Foster. A.M.. Anthor of 
■A General Treatise on Geography.' and other Educational Works; 
lata Editor of 'Chamtiers's Ednoational Course:' Assistant-Commis- 
aioner to the Boyal Edacation Inquiry, &c Eigbtli Edition. Fcap. 
l2mo, limp cloth, 2s. 
Tiiis Manu^ fumkhoB Bnles for the Fronuooiation of the leading Lan- 
guages: a Vocabnlary of upwitrda of 10,000 Names, indicating the tme 
Pronanciation ; and an Etymolf^ical Table of Generic Terms, with thsi 
' " 'ring to elplnin a large number of Names. 




EDWABD aiANFOKD, 6 ft 7, CHABtNQ OSOSS, S.W., 
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SUES —The INVASIONS of ENGLAND, from the Eftrliert 

Times: A Leotnre deliTerail btfore the United SerricB InBtitntioo, 
ftc., 4c. By Bev. Dr. UlLES, C.C. ColL, Olfurd. 8tu, 2!, 

filLL.— CH£lUSTIt,T for SCHOOLS : bh IntrodQction to the 
Practical Sludy nf Chemistr)', By C. Hicchton Gill, Inte Aaaistuit 
Eiaminer in Lheiriistry at tbe UoiveiBity of Londoo. lute Teseher of 
ChenuBtry and Experimeut&l Pliyaioa in nnivereity OJlege School, 
Beoond Edition, witli Ozie Houdred DlnetiBticiiia. Cmwii Svo, clotli, 

GILL (J. W.)-FIRST STEPS in ENGLISH GEAMMAE; 



mitted to memory. Boyal ISmo. price 3d. 
GODLEY. — A SELECTION from the WHITINGS and 
SPEECHES of JOHN ROBERT GODLEY ; Collected end Edited 
by Jakes i:j>WAHD Fitzgerald. Di^my Svo, half-boiuid, IGi. 

GOOD'S (W. W.) POLITICAL. AGBICHLTUEAL, and COM- 
MEKCIAL FALLACIES ; or, the Prospects ot the Natiou after 
"Twenty Yearii' " Free Trude." Demy Svo, olotl^ 10s. tW. 

F*T.T. (Henry. F.E.G.S.).-l[ANirAL of SOUTH ATHICAN 
GEOGRAPHY : Forming a Companion to tbe Map of South A&Ica 
to 16° South Latitude. Intended for the use of the Upper Classes in 
Gorermoent SchnolB, and of Candidates tor the Civil Serrice. Second 
Edition. Fcap. Sto, cloth, 6e. 

SERIES of TECHNICAL VOCABULAHIES. in EIGHT 

LANGUAGES, comprising the leading terms in the following con- 
atmctiTe branches: 

Civil and Ecclesiastical Ahchiiectche. 2s. 
Military ABCHiTEcrcBt asd Foetifioation. 2s. 

CmL ESGraEERISO AND SCKVEYISG. 3s. 

(Townshend M., F.G.S.).-The MINEEALOGIST'S DIHEC- 

TORT ; or, A GUIDE lo the PRINCIPAL MINERAL LOCALI- 
TIES in the UNITED KINGDOM of GREAT BRITAIN and 
IBETAND, Post Svo, cloth, 6s. 
Mors than Seventeen Hundred Mineral Localities bjc aotioed, and tho 
Geological formation in which each Species occars has been described as 
far tia possible; whilst the varions Localities are arranged Alphabetically. 

HANDBOOK to GOVEBNIffENT SITUATIONS: Showing 

tho MODE of APPOINTMENT and RATES of PAY, and ooulaiiiing 
tho most REOENT REGULATIONS for OPEN COMPETITIONS 
for the HOME and INDIAN CIVIL SERVICES, the ENGINEER- 
ING COLLEGE, the FOREST SERVICE, and for ARMY EXAMI- 
NATIONS; Witli Eianiination Papers, and Specimens of Hand- 
writing eitmcted irooi the Reports of the Civil Service Commissionera. 
Fowth Edllion. Crown gvo, cloth, 3t. 6d. 

WHOLESAIiE AUD BETAIL BOOK ABB UAP SBLIJiB. 
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HULL.— COAL FIELDS of GEEAT BEITADT ; their History, 

Stmotnro, and Besoarces ; with NotiooB of the Coal Fields of oHer 
parts of tlia World. By Ecward Hum,, MA., F.R.S., Director of 
the Geological Survey of Ireland, Profeesor of Geology in the Royal 
Collogo of Soionfo, Duhliii, &c. With Slaps and Dlasbstiona. Third 
EditioD, roviaed and enlarged, embodying the Reports of the Boyal 
Coal Ccanroisaion, Douiy Svo, cloth, 16«, 
HURLBTTRT.-BRITAIN and HEE COLONIES. By J. B. , 
HusLBUBT, M.A., LL.I>T Member of the Convocntion of the Univereity 
of Toronto, Canadian OommiaBioaer and Juror at the International 
Exhibition, London, 1862, &c. Demy 8to, oloth, 10s. 

HUTCHINSON (T.J,). -The PARANA; With INCIDENTa 
of tha PARAGUAYAN WAR, and SOUTH AMERICAN RECOL- 
LKCTIONS,fn)iDl8GltolSBa. UyTHoMAsJ.HuTQHiNBOs.F.H.G.S., 
F.R.S.L.. F.E.S., &c.. H.B.M. Coiiiul for Oallao (late for Koamo); 
Aiithor ot ' Niger-Tsbadda-Binne Esploration ; ' ' ImptosaionB of Weat- 
em Africa;' 'Ten Yeare' Wnndoringa amoogst Iha Ethiopians;' 
' Bnenoa Ayrea and Argentine Gleanings,' &c. With Map and Ulns- 
tratiouH, iuoluding a portrait of Field-Marshal IiOPuz, the Paragnaynu 
President. Demy Svo, cloth, 21s. 

BITENOS ATEES and AHaENTIHE QLEANINOS i 

with Extraots from a Diary of 8alado Eiploration. With Majis, IlluH- 
tratioiiB, and Statistical Tables. Demy Svo, cloth, I(!i. 
raVIHG (C, IL.D.),-SEBIES OF CATECHISMS FOE 
SCHOOLS. ISmo, 9d. each. 
Algebra. Part I. — Algebra, Part U. — Antiquities of Greece ^ Aa- 
tiqnitiea of Rome — Astronomy — Botany — British Constitation 
Claadoal Biography — Chemistry — EngUsh Gramoiar — French 
Grammar — General Geography — General Knowledge — History 
of England — History of Franoo - — History of Greece — History 
of Irijlanii — History of Rome — Hialory of Scotland — Italian 
Grammar ^ Jewish Antiquities — Mnsin — Mythology — Natoral 
Philosophy — Practical Chemistry — Sacred History — Univeraal 
History. 
JACKSON (George).-LATIN TTEO'S GUIDE ; or, FIRST 
STEPS towards the ACQUIREMENT of LATIN. New Edition, 
12mo, cloth. Is. Gd. 

Past n. 12mo, cloth, le. Gd. 

JENKINSON'S PEACTICAL GUIDE to the ENGLISH 
LAKE DISTRICT. With Nine Maps. Contonls :— Introdoction— 
How to Spend a Plyiog Visit to the Lalses—a Fonrteen D^s' Pedes- 
trian Tonr^Cliarges for Conveyanoea, Ponies, and Guidea — Height* ot 
Mountains, Lahes, Tame, and Passes— Local Names — Meteorology, 
Geology, and Botany. 

WraDEEMBHE, LajiQDALB^ GkASMERB, COHISTON, KKBWICK, ElllTBH- 

BEBK, WiBTWATER, and Ullswater Skctioiib, containing full Informa- 
tion aad Instruction respecting Walts, Drives, Boating, Ascents, Ei- 
cnisionB, &a, Fcap. Svo, cloth, 6b, 
*,* The Sbctions relating to Keswiok and WwDEnMESE (including 
Lahgdale) are also published separately, wttli Maps, price Is. 6a. each. 
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JERVI8. - The MINERAL RESOUECES of CENTRAL 
ITALY ; inclnding Geobgieal, Hiatorical, and Commercial Noticea of 
the Mines Rud Marble Qoames. Witti a Supplement, containing & 
OeolngicaJ and Chemical Accoaot of the whole of the Minentl Springs 
of Central Italy ; <nlth the best Analyeee of the Waters, and Medical 
Notices of each Spring ; compiled from the Monogmpha of the most 
esteemed writers on the Bubiect. By W. P. Jektis, ConsersBloi of the 
Koyal Italian lodqairial MuHcum at Turin ; Member of the Koyal 
Academ; of Soienoes at Palermo, &a. Becond Edition. Dlastcated. 
Bojral 8vo, 5s. 

JEV0N8 (W. Stanley, M.A.).-A SERIOTTS FALL ia the 
VALUR of GOLD ASCERTAINED, and ila Social Effects sot forth. 
With two Diagrama. Dernj 8vo, ololh, 4b. 

KENNEDY. — IA PLATA, BRAZIL, and PARAQUAT 

DUBING the WAB. By Commander A. J. Keknedy, B.N., from 
Notes made while in command of H.M. Gunboat ' Spider,' during lier 
Service on the South Ametiuin Stafiou. With Mep. Poat 8vd, 
cloth, 58. 

(E. B.).-FOUR YEARS in ttTTEENSLAND. With 

Photograph of " A Squatter's House," and a Colowhed MiP (scale, 01 
mileB to an inch; size, '23 inches bf IS) showing all the lateat Dis- 
ooTeriea, from private and other Honrces, with the Agricu]tiir«l Districts 
and Gold Fields clearly defined. Super-rojal 16mo, cloth, 5e, tid. 

LANG.-aUEENSLAND, ATTSTRALU, the Future Cotton 
Field of Great Britain ; with a DiaquiBitioa oq the Origin, Maniiora, 
and Customs of the Aborigines. By J. D. Land, D.D., A.M., Senior 
Mioister of the Soots Church, Sydney, and one of the Representatives 
of the City of Sydney in the Parliament of New South Wales, &c. 
With Two Coloured ifapa. Poat 8vo, cloth, 12s, 

LEES aady).-A FEW DAYS in BELGIUM and HOLLAND : 

An Idle Book foe an Idle Hour. By Lady Lees, Author of 'Drial 
Flowers,' ' Eflie's Tales,' &c. Contents; — Bruges, Ghent, Antwerp, 
Bmselles, Rotterdam, the Hague, Dulft, Loyden, Haarlem, Amatot- 
dam, See. Crown 8vo, cloth, 4i. 6d. 

LEWIS,-The ENGLISH LANGUAGE ; Ita GRAMMAR and 
mSTORY; together with a TREATISE on ENGLISH COMPO.Sl. 
'nON, and SETS of EXERCISES and EXAMINATION I'AI'ERS 
for the ASSISTANCE of TEACHERS and STUDENTS. By 
the Rev, Henry Lewis, B-A., Senior Lecturer at tho Naliniiiil 
Society's Training College, Battersea. Fourth Edition. Feap. Svo, 
cloth, 3s. 

ENGLISH GRAMUAB. for BEGINNERS, in a SERIES 

of EASY LESSONS. By the Rev. HEh-iiv Lewis, RA., Senior 
Lecturer at the NatioDal Society's Training CoUmjc, Uatlcrsoa. In- 
tended for the nae of Junior Classes, and as an IntrotJuetiou to tlie 
Author's larger English Gruramar. Medium I8mi, prino 2(J. 

WHOLESAIiE ANQ BBTAH. BOOK AND VLAIP 8BLLEB. 
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LEWM-BISEST OF THE ENGLISH CEHSUS OF 1871, 

eempilod. from tbe OfBi^ial Rofonia and Eilltcd by Jaii^ Lewis (of 
the ReglBtiaT-OenBral'a DepiLrtmont, SomerBet House). Sanctioned 
bj tbe Begifltrar-Genflral, aud dedicated hy perraiBaion to the Presi- 
dent, Vioe-Preaideutfl, and Counoil of the Ststistionl Society of 
London. Royal 8td, iu Btlff paper covers, 48. ; or, in oloth boardii, 5t. 

LET (W. Clement).— Tie LAWS of the WINDS PEEVAIL- 

ING in WESTERN EUROPE. PHit I. With RptoptiG Charts 
and Barograms; Cliarts of Mean TrncIiB of Baric Minima; of 
iBobarica in Nor^ Western Europe ; Uld of tlie Tmcks of tlie Great 
Depressions in Angnst, 1868, and JanuaTy and Manih, 1S€9. Demy 
8vo, cloth. 125. 

lOBIET (J. Logan. F.G.9.).-M0UirT VESUVniS: A DB- 

SCKIPTrVE, HISTORICAL, and GEOLOGICAL AOCOITNT of 
the VOLCANO, with a NOTICE of the RECENT ERUPTION, and 
an Appendix, containing Letters by Plint the Younger, a Table of 
Dates of Eruptions, and a List of Vesuvian Minerals. lUoBtrated 
with View, Map (printed iu Colours), and Sectiou. Demy 8vo, 
cloth, 5s. 

LONDOH and ESViaONS.-Tlie BrULTUM in PAItVO 
GUIDE to LONDON and its ENVIEONH, about Twonty-five Miles 
Round, for the Resident and the Visitor. With Cub Fares, Principal 
Omnibna Boutes, Hap of the EnvirouH of Loudon, Axi. ISina, 
cloth, Is. 



MANLY.-PHIirCIPLES of BOOK-KEEPING by DOITBLE 
ENTRY, in a Series nf Easy and Progressive Eiercises. By Hehbt 
Maslv, Principal Writing Master and Teacher of Book-keeping m 
the City of London School. Third Edition. Demy 8vo,ch)tii, Is. 6d. 

MAESH.-OVEELAND from SOUTHAMPTON to ttUEENS- 

LAND, By M. H. Marsh, MA., P.R.O.S. With Three Coloured 
Maps. Crown Evo, uloth, 3s. Gd. 

IlEEADEN. — A PIEST ALGEBRA for Use in Junior 

Olaseea. By the Rot. R. Ai£AK Meadeh, M.A., late Scholar of 
Emmanuel College, Cambridge; Mntbematical Maaturof the Bradford 
Grammar School. Fcap, 8vo, cloth, la, 6d. 
Tliis Work ia suitable for preparing classes for the Univeraity Local 
Esaminations, tlie Science Eiaminations, &c. 

MEMOIES of a LIFE. Crown 8vo, cloth, 7s. 

BDWABD STAnrOBD, 8 & 7, CHABUia CBOSS, B.W., 
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msrEOROUOQNlAJ. OFTZCB PUBUOAIXOliB. 



gUtforologiral C^itc ^iiblifations. 

ATLAHTIC OCEAS.-A DISCVSSIOH of the HETSOBO- 
LOGY of the PART of the ATLANTIC Ijiua NORTH of 3(F N. 

for the Eleven Dnys lai.liiig 8th uf Pebniiiry, 1870. By Heuis of 
Bynopttc Charts, Diagrams, and Eitmcta from 1-ogH. witli Renuirks 
BDd Oanclnsioiia. FubltBhed bf tlio Anthorily of the Metbosouwioal 
ComnTTEK. With Booka of Charts. Boj-«Hto, 5», 

(Horth).-CUEEEHTS and SUBFACE TEMPERATimE 

of the NORTH ATLANTIC OCEAN, from Hie Equator to "Utitudo 
■10° N., for eaoh Moiitli of tho Ymr. With u Geivejal Curroiil CharL 
Publiidieil by tbe Authoiit; of tbii Meteubolojicai. CiumjTTEs. 
Royal 4 to, 2t. &i. 

METEOROLOGY of the NOETH ATLANTIC. Report to 

tbe COHMITTEE of the Mbteokouxjical OtTlCK, ou the Melcoi^ogy of 
the North Atlantic betwecu tb>> puroUtlH of 40° and 50" N.. od illustniled 
by Eight Diagrams of ObsfrvaUons tabeu on board Ihi) Muil StauusrB 
miming to aud (roiu America. With Hemorka on the Difference in 
the Winds and Wi^ather experienced iiocordiog oB the ship's course is 
Wefitorly or Easterly, and on the probnble Cftnsoa of the DiffijRmcB. 
By Captain Henbv Tovnbee, F.BJ1.,S., Marine Buporiatoudwit, 
lUeleorobgical Office. Royal 8vo, Is. 



Traoslat^d from No. 3 of tho Mitthtiluu<ron aus der NotildoutKohe tjee- 
warta. Published by the Authority of the Meteorological Cooimitlue, 
Royal 8VD, Gd. 
(Sonth).-CHAET8 SHOWING tlie STTRFACE TEMPE- 
RATURE of the SOXJTH ATLANTIC OCEAN in each Month of 
the Year. Compiled from Ikinrd of Trails Registers, and the Oharta 

S'bliHhed by tbe Royal Meleorologicul Institute of the Nuthurlands. 
ued noder the Authority nf the Commiitbh of the Mki'bobqluoioal 
OmcB. Folio, boards, 28. Hd. 
BAROMETER MANUAL,— BOAED of TRADE. Compiled 
by direction of the Meteobologioal Committkb, Dy Eobbmt H. 
Scott. M.A., F.K.S., Direct<ir of tho Moteorological OfflfO. With 
lllustratiTe Diagrams. Eoyul Svu. la. 

CAPE HORN, Ac-contributions to our knowledge 

of the MKTEOROLOGY of CAPE HORN and tho WEST COAST 
of SOUTH AMERICA. Pnhliehed by Authority of thu MtrKoBo- 
LOGioAL Committee. With 12 Meteorological Charts. Royal Ito, 2s. (U. 

COAST or FISHERY BAROMETER MANUAL.— BOAltD of 

TRADE. Compiled under tho direction of tho Mbtkokotjmiual 
CoHMVCTEE, ByRoBEHrH.Sou'i-r, M.A., Director of thu Metuorolugical 
Office. 8»o, Gd. 



w 



METEOKOLOOICAL OFFICE PTTBLICATIONS. 



ISOBAfilC CUEVES.-On the USE of ISOBAMC CURVES, . 
find a LINE of GREATEST BAKOMETHIC CHANGE in attempt- 
ing to FOBETEL WINDS. lUnatiRted by Fourteen DiagramH of 
Gb!i>s in JtHiQoi?, 1867. anil August, 1868, &c. Viih amae practical 
Bnicgoatiuna for Scam,eii, and n few BemBrka on Buys Ballot's Iaw. 
Being a Report to the Oojukittee of (he Meteohologicai. OfnoB. By 
Captjiiii IIenby Toysbse, F.E.A.S., their Marine Superintendeut, 
Ktijul 8so, It. 

LEIPZIG COITFERENCE. - REFOET of the FEOCEEDINOS 
of, THE METEOROLOGICAL CONFERENCE nt I,EIPZIG, 
Protocola aod Appenilioea. Pnbliehed by the Aiitbority of the 
Meteorological Committee. Royal Sto, Is. 

QUASTERLT WEATHER REPORT of the UETEOBOLO- 
GIOAL OFFICE, with PEEasLTtEandTEMPEEATonETiuua. Contain- 
ing tliB KeBnitautthe Daily Observntinns mafie at the Be»en ObBerrotoriea 
egtablislipii by the MeteorologicBl 'Committee at Kew, Btonthubst, 
Falmouth, AJertben, Glasoow, Abhaqb, and Valencia. 
TliB PUtea exhibit tliu oontinumia registration of the Ohservationa, and 
are arranged to ahow at one view the inatnimenlal curves at each of the 
atiitiona for fire days, one Plate compriaine Pressure and Temperature, 
wiiile another shows the Direction and Telocity of lie Wind: Seales of 
Measurement, on both the British and French systems, being given at the 
sidee. Published by Authority of the Meteorological Couuiitek. Boy»l 
4to. price 5s, each Part. 

The Parta for 1869 and 1870, also Parts I., H.. and IIL, of 1871, and 
Parts I., ir., and HI., of 1872, are now ready. 

It is intended tluit the Journal ahall appear regularly ut intervals of three 
months. 

ROUTES for 8TEAHERS firom ADEN to the STRAITS of 
BITNDA AND BACK. Tranalatcd from a Paper issued by the 
Royal Meteorological Institute of the Netberlnuda. Pntiliahed by the 
Authority of the METEonoLoaicaL CoMMirrEB. Bojal Svo, Od. 



STRONG WINDS.— An INftUIRY into the CONNECTIOir 

between STRONG WINDS and BAROMJiTRICAL DIFFERENCES. 
Being a Report presented to the CoHunrER of the MuTifoituLDGiCAL 
0?iriCB, By Kuuekt H. Bcott, Diieotoi of the OtBca. Royal 8vo, 64 
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MSDHUZST.— Dm F0KEI6VER iiL FAB CATOAT. Br 
W. H. MnansT. H.RM Oxusl, ^msbu. Witb CUonnd )fa|i. 
Ocm Sk^ dodt, €*. 
GovT^i^v: — l&trafacteT^ — 
HaUk of Fini^ B*«ilaato- 
. .t -.- « . . .. ■^naue — abop I 

Unide — BitiiiK m 
Soenl iBstUntkna — ODneqnodnoe ud Ibe Prau — Hod. _ 
U* <d' the Writtea (%mn>4n for Demntwa — Pn<fM« 
T^ndling and Fortcji^e — QuuwtcT of tin Chiwaa — Oaa- 

Sfnaie, with Onginal Woids and Kiglish Literal Tran^tkn. 

MILLEIT (Mn. EdwanD.-An AITSTKAUAH PABSOHAGE; 
or, the SETTLEB and the SAT AGE in WESTEEN AUSTRALIA. 
With FrOQtiapiece. Serood Edition, Large Post Sro, clotli, 12j. 

ItntPBISS (Bobt).— CEBIST an EXAMPLE ibr the TOUNQ. 
as EXHIBITED in the GtKPEL NAEBATIVR of Uin FOUR 
EVANGELISTS. Harmoniied iwd ChroDolugioallj Armiiao], tl1ii«- 



KUTEEAL STATISTICS of the UHITED KINGDOM of 
GREAT BKITAXN and IRELAND for the YEAR 1S71 ; with au 
Appendix. By Bobefit Httrr, F.R.S.. Keeper of tlio MliiiiiR lloontilt, 
Pabliabed bv Order of tbe Lobds GomfissiOKEua of lUn MjkJRRT^ 
Tbeabubt. Soynl Sto, 2«. 
Tho Mineral StatisticH for preTioiu yeaca way abo bo obtnincd. 

MONGEEDIEN- ENGLAND'S FOREIGN POLICY: An 

Inquiry aa to whether wo should eoiilinue a I'oliey of liitovi'ntiim or 
ocinpt a Policy of laolation. liy Ai;nrsTUB MoNoiiEmKN. E*|., Aiitlior 
of 'Trees and Shruba for Eugliah PlBUlntioUB.' Crown Syo, ololh, 



NAUTICAL MAGAZINE. NowSorios. Published Moutlily, U. 

NEW ZEALAND HANDBOOK; Cimtaiaing a Now nml 
Aecurato Coloured Mii]), ihhI giving a full dBaori[)llcin of tlm I'rit- 
vincea of Auckhimi, Nuw Plymouth, Welliriglnii, Uiiwken liny, N.ilmii, 
Marlborough, Caulerbury, Otago, BouUilaiid. &a. ; witb Tabliui iif 
Btatiatica, Prices, and Wageu ; the Land KeKulntionn; IimtruntliniH fur 
the Voyage, Outfit, and Arrival in the Oulony ; nlm OlwnrvnUoin on 

Npw y.pnlnnd Pnraiiitrt nnrl tnvaB^t,\t•u^a Twelfth lijdULi'PtI, KcUT), 



WHOI.ESALE AND BBTAII. BOOK AND MAP BKLLBB, 
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OBDNANCE SXTBYBT PUBLICATIONS, &c. 



§xhmtt Surhj ^uWkations, ^t. 



ASTBOirOMICAL OBSEEVATIOITS made with Eamsden's 
Zenith Sector; together with a Catalogue of the Stars which have 
been observed, and the Amplitude of the Celestial Arcs, deduced from 
the Obseryations at the different Stations. 4to, sewed, is, 6d. 

ASTBONOMICAL OBSEEVATIOITS made with Airey's Zenith 
Sector, 1842 to 1850. Completed by Captain W. Yolland. B Jl 208. 

DOMESDAT BOOK; or, The Great Survey of England by 
William the Conqueror, a.d. 1086. Facsimile of Domesday Book, 
reproduced by the Photosdncographic Process, under the direction of 
Major-General Sir H. James, R.E., F.B.S., by Her Majesty's Command. 
The following parts are already published, in imperial 4to, cloth, 
viz, : — 

In Gbeat Domesday Book. 



pnce 



Bedfordshire .. 

Berkshire 

Buckingham . . 

Cambridge 

Cheshire and Lancashire „ 

Cornwall 

Derbyshire 
Devonshire 
Dorsetshire 
Gloucestershire 
Hampshire 
Herefordshire .. 
Hertfordshire . . 
Huntingdon 

Kent 

Lancashire (see Cheshire 
and Lancashire) .. 



»» 



» 

»> 
>» 



»» 



8. Cf. 

8 
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10 

8 

8 

8 

10 

8 
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10 
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10 
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8 
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Leicestershire and Rutland 

price 
Lincolnshire .. 

Middlesex 

Nottinghamshire 
Northamptonshire .. 
Oxfordshire .. .. „ 
Sutlecndshire (bound with 

Leicestershire) .. 
Shropshire 
Somersetshire .. 
Staffordshire . . 

Surrey 

Sussex 

Warwickshire .. 

Wiltshire 

Worcestershire . . 
Yorkshire 



n 



» 

»> 
» 






8, d. 

8 

21 

8 

10 

8 

8 

8 

8 

10 0, 

8 

8 

10 

8 

10 

8 

21 



In Little Domesday Book. 

Essex, price 16«.--Norfolk, 23«.— Suffolk, 225. 

Price of an entire Set (as above^, 171. Ss, 

Domesday Book complete, bound in 2 volumes, price 202. 
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OBBHAXCB UUKVKV FUBUCATIONS, *c. 

OEODSnCAL TASLES. 1 tt>1., tMn ita, {ffice 3*. 

JKRU8ALE>. — OSDHAirCE SUSVXT of JERUSALEM, 

Witti Soto bj GBfitsin Wcji«. RX. Prodoced at the OnbuuMe Sni- 
1CT OSoe, Smthamploa, under the snperintauksoe (€ HiqarOcnani) 
Sr HnxT J>mh, &&, P.££. Direcior. 
^w &irTqr i* loU oo^dete fix Twelve GolDeBa. «r in Dinaou, m 
fidlowB:— 

£ *. d 
Tbe nana Haantsd, and in a Portfolio S 18 

Td. L Ooataiiiing G^itain 'Wilsoa'a Notes on Jem- 

ffllem, aod IDiBtratiTe Diagmna ..200 
VdL n. Omitainiiig the Ph^ogiaphi taken in and 
ftbootthaa^ 7 14 



LEiraTH.~-C01CFASIS0NS of the SIAITDAEDS of LENGTH 

of Engrland, Franne. Belpiam, Prnssia, Rnsin, lodin, Austrnlia, made 
attbeOtdnnace Survey Office, Soutliamplon, by Captain A. R. Ouirkb, 
E.E^ F.E.S^ under the direction of Mnjor-Goieral Sir Usmrt J*uicd, 
E^ F.H.S., *Ct Cor. Mem. of the Koyal Geograpliirftl Sooiely of 
Berlin, Director of the OrdnaDce Survey. Publiabod by Order 
of the Becretai7 of State for War. 1 toL llo, 2ST pp. &Dd plates. 
Price 16t. 

LOUGH FOYLE BASE.-An ACCOUITT of the MEASUEE- 
MENTS of the LOUGH FOYLE BASE. By Captain W. Yollisd, 
R.E. 4to, cloth, 208. 

MAGNA CAATA.— KiNQ John, aj). 1216, FocBimile of 

Mngna Carta ; Photozincograplied at the Ordnaoee Survey OSlm, 
Southampton, under tic superinl<>niicnfo ot Cnptain PAnaoNS, R.E., 
F.E.A.8. Price U. 6d., with the TraDslution. 

MARGINAL LINES.-On the CONSTEUCTION and USE of 

the SIX SHEETS of MARGINAL LINES for MAPS of any mrt 
of the WOKLD. Price 1(. 
*,* The Sis Sheets of Marginal Linea are pobliahed, price (i». 

METEOROLOGICAL OBSERVATIONB, TABLES for. PuV 

lislied aeporately, in 1 toI. royal 8vo, prco 2*. Gd, 

DITTO taken at the Stations of tho Royal Enginoors iu the 
Years 1853 to 1859. 1 vol. 4to, price 10<, 6rf. 

WHOI,BaAI.E Alf D BBTAII. BOOK AND MAP BBLLBB. 
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OBDNAHCE SUSV£Y PUBLICATIONS, &c. 



XETE0R0L06ICAL OBSEEVATIONB, taken at the Statioiu * 

of tho Royal EDginuers, 1853-1. 1 vol 4to, price 28. 6d. 



DITTO taken at Dublin. 1 vol. 4to, price 5b. 



NATIONAL MANUSCaiPTa of ENGIAITD. A Series of 
PHOTOZINCOGRAPHIC FACSIMILES of aomo of the most in- 
kreatiugof our National M8S„ copied by order of Her Majefltj'fl Qorem- 
netit, by Mjtjor-General Sir Henbt Jjmes, R.B., F.B S^ Direotor of 
the Ordnimoe Soirej; with TranBletiona and Intrniinctorj NotcH by _ 
W. Basevi Bahd£BB, Esq., ABsialant Keeper of Her Majesty's Records. I 
This BerieB, oouaiatiug of Royul Cbartera and Oraota, and the Letters J 
of Boyal and Eminent or KemELrkablo Poraons, liiuj been oelBcted 
under tlie direotiou of the Bight Hon. Sir John Bomillt, Master of ' 
the KoUa : by Thomas DcFFts Habdy, Esq., Deputy Keeper of Her 
Majesty'a Beoorda ; a,nd includos aomo of the moat remarlmble OrigiiuJ 
Documents deposited in Hw Majeaty's Record OiBoe, together with a 
few from other reposilorios, including the most perfect Originel Copj 
of Magna Cartu now extant. They are not only of the higheat hiatori- 
cnl interest, bnt at the same time illustrate the cbangea whiuh have 
aucceasivaly occurred in onr language and handwriting from the reign 
of William tho Conqueror to the reign of Queen Anno. The Pao- 
Bitniles are arranged chronologically, and tlie TranalationB are inter- 
leaved BO a£ to appear opposile to oach page of tho Facaimile of the 
Original ManUBOripts. The series is pnblirfied in Four Parts, price 
16«. eaoli. 

SCOTLAND.— Photozincographio racsimileB of National 

Manuscripta uf Scotland. Farts II. and III. Price 2l8. each. 
Pert I. out of print. 



NETLEY ABBEY-PHOTOZnrcOQEAPHED VIEWS OF. 

Sixteen Photographic Views, &c., of Netley Abbey, including illua- 
trated Title Page and Plan of the Abboy. Photozinoographed at 
the Ordnance Snrvey Office, Southampton. Major-General Sir Hekkt 
James. E.E, F.H.S. (Director). Price complete, in a neat port- 
folio, 25s. "^ 

These Views have been selected expieSBly for the purpose of ahowfes 
the applicability of the Art of Photoaineography or Photolithography lo 
the production of illnstrations of hi^rical or descriptive works of any kmd. 
The uogativPB, the silver prints, and the photozincographa are absoiutdy 
untouched. The title page, the plan * ■ 
by pliolozincograpby. 



nc photozincogmpha are absolutely 
and the note have also been printed 



OBDHAKCE SmiVET FITBUCATIONS, &c. 

OEDHAITCE TRIGONOKETRICAX SUEVEY of the TTKITED 

KINGDOM. Iq Four Volumea, royal 4to, illnatrated with nnmarona 

Plates, bound in cloth, 31. 5s. The Aooount of this Snirey ia oow 

complete, and may be bad aa aboTo, or in aepfuute volumes as under : — 

I. THE PKINCIPAL TBIANGULATION of the UNITED 

KINGDOM, with the Figure, Dimenaiona, and Mean Speoiflo 

Gravity of the Eartli bb durived therefrom. With Plates, 

i;. ISk. 

APPENDIX TO DITTO.— Determination of the Poaitions of 

FaaghniBin sod HaverfordweBt, Longitude Stationa on the 

great European Arc of Parallel ito, price 4s. 6d, 

n. THE LEVELLING TAKEN IN ENGLAND AND WALES. 

■WithPIatea, ISi. 
ni. THE LEVELLING TAKEN IN SCOTLAND. With 

Flatea, 10s. 

IV. THE LEVELLING TAKEN IN IRELAND. Price 5s. 

*,* The Volnmea of Levelling will bo found of groat value to all 

Engineers, Geologluta, and Scientiflo Peraona, aa thoy contain thu Linea of 

Lcvcla lakco tlirougbi^nt ttie Kingdom, and give the esact beigbt of ovtry 

Bench Marls or Bolt, or other object obBerveJ above the meao level of the 

SnfAI.-ORDNAlICE SUEVEY of SUTAI. iTiis Survey is 
publiahed in Three Parts, and sold complete for 221. 
The Porta can also he had separately be follows : — 

Part I. DBSCBIPTrVE ACCOUNT AND ILLUSTRATIONS. 
— The Origin, Prt^reas, and Results of the Survey, with 
twenty pagea of Dlustrations. In I Volume, imperial folio, 
half-bound, prioo il. 

Part II. MAPS.— This Part consiatB of Ten Maps and Sections 
of the Peninsula of Sinai, Mount Sinai, and Mouut Serbdl, 
monnted on cloth to fold. With portfolio, price 51. Binglo 
Maps can be had if required. 

Part in. PHOTOGEAPIB.— The Photographs taken to iUua- 
trale the Ordnance Survey of Sinai are publiahed in 3 Vola., 
half-bonod in morocco, price 13/.; or separately, prii^. 
Vol. I.. 5;, 53. ; Vol. U., 5?. 63, ; Vol. III., 21. 10s. Any of 
the Photographa (numbering IS3} may be purchased aepa- 
ratcly at tlio following prtcca, viz, those in vols. I. and II., 
nnmoouted. Is., mounted. Is. 6d. each; those in Vol. HI., 
nnmonnted, 9d., mounted, Is.- each. 

OHE HTJNDEED and ELEVEN ADDITIONAL PHO- 
TOGRAPHS are also published, and may be purchased sepOirately ; 
price Is, each utimouuted; or Is. Sd. mounted. 

STEEE08C0PIC VIEWS, Thirty-six in number, in a 

Boi-Stereoscopa, Price Two Guineas. 
A-Detiiled List of the Photagriipht nntl List of Maps sent by post for Two 
I'snnn Stamps. 



WEOI.SaAI.S AlTD BETAIL BOOK AND MAP SSLI.SB. 



8FHEEE and SPHEROID.— On the Bectangnlar TaageDtial 
PrDJeetion oT the Bpb>-re and Sphennd, with l^ble^ of the qnantitteB 
reqaidta for the ctnutractiou of Maps cm that Projection ; and aJsn fol 
a Hap of the World on the scale of ten milea to an indi, with Dia- 
KnmB and Outline Map. By Hajor-General Sir Henbt James, 
R.E, F^.8., to. PricB 8j. &f. 

STOHEHERQE. TUBTTSACHAH. CEOKLECHS. and SCITLP- 
TUBED STONES. Plana and Phott^raphs: with Descriptiona and 
Notes relating to the Druidi Also an Appendix on same Sculptured 
Stones recently fonnd in Ireland; accumpauied bj Plates. Bj 
Majoi-GeiieTal Sir Hekbt Jakes, R.E., F.B.S. 1 vol. 4to, doth, 
price ]4j. Qd. 
Pbotograpb of Stonehengo Beetored. showing Druidical SacriGoe bj 

Night Price li. 3d, unmounted : li. 9d, mouutal. 

PAIESTINE EXPLORATION FUin) PHOTOQBAPHS. 
PHOTOGRAPHIC VIEWS of PALESTINE, taken exproaaly for 
the PftleBtine Eiploration Fund in 18«5, 18««. ISffl. By Sergeant 
H. Fhillifb. R.B., unrier the orders of Captain Wilson, R.E., and 
Lieutenant Wabheh, BJB. 
Tbia beautifii] aerieB uf Original Photographs now comprises 35G most 
intereating Views of the Cities, Villages, Temples, Sjnagognefl. ChureheB, 
Bains, Tombs, Seas, Lakes. Priests, Pilgrims. Inhabitantd, &c,, of tbeHol; 
Laud and Jerusalem. Any Fhotogtaph may be hud separutelj, Monrited 
on a white board, size 13 inches bj 11, price 1?. Sil. each ; or, a Selection 
of 14 Photographs, in cloth portftdio, lettered, 21s. A List of the Views 
gratis on application, or per post for penny stamp. DesoriptiTe Cata- 
logue, 6d. 

PALMEE.-The OEDWANCE STTEVEY of the KINGDOM : 

Ita Objei'ts, Mode of Esecation, History, and Prascul Condition. By 
Oaplain H. S, I'alkeb, B.E. Demy Svo, cloth, 2«. Gel. 

PAETSIDaE.-The MAEINO of the AUERICAN NATION; 
or, Tbe Rise and Decline of Oligarchy in the West. By J. Abthue 
Pabtbibgb, Author of ' Coalitions and Frontiers in 1S60-1 ; ' 'The 
False Nation and its Basis ; ' ' Democracy,' &o. Damy 8vo, cloth, IHs. 

PAUL (Archdeacoii).-NEW ZEALAND AS IT WAS and AS 
IT IS. With Map. Fcap. 8vo, Gd, 

PEBIGAL (F,).— The YEAE 1800: or, Tho Sayings and 
Doings of our Fathers and Mothers 70 Years ago, as recorded in the 
Newspiipera and otbcr Periodicals. Third Edition. Super-royal Sto. 
Is. Od. 

PHIIPOT.-GTTIDE BOOK to the CANADIAN DOMINION: 
Cnntaining full information for the Emigrant, the Touriet. the 
Sportsman, and the small Capitalist. Dedicated, by permissioD, to 
His Royal HighuesB Prince Arthur. By HAByEV J. Phtt.ii it, Mi. 
(Canada), M.R.C.S.L.. &c.. late Assistant-Surgeon to Her Majesty's 
Forces in Turkey and tbe Crimea. With a Preface by Tbokas 
Hughes, Esq., M.P., and a Coujubgd Map. Super-royal 16mo, 
cloth, is. 

BDWABD BCASVOSD, & 7, OHABUTa CB0S8, S.W., 



PLATTS' (Rev. J.) SICTIONART of EKOLISH STETO- 

NYMES : CompreheDding Ibe DeiiTattaiiB and Meanings of the 
Words, and tba DiBtlnctiona between the Synonymes : with BxampIeB, 
New Edition, Demj 12mD, 3s. &/. 

PLffiTZ.-MAlTOEL DE lA LrrTERATUEE FEASpAISE 
des XVIP, XVm«, et XIX« Siteles. Par C. Puetz, Dooteni en 
Philosophia, ancient Premier ProfeBsaiu- on College Priin^BiB de Berlin. 
Seconde Editioa, Hevui} et Augmentee. Demy 8vo, cloth, Gt. 6d. 

POOE RELIEF IN DIFFEEENT PARTS OF EUROPE: 

being a Selection of Eaaaya, translated from the German Work, 
' Das Armenwesen und die AimetigcBetzgcbung in EiiropiiiBchan 
Shiaten herauageRpben,' Von A. Enuaingliaua. Eetised by E. B. 
EiSTWicK, C.B., M.P. Crown 8vo, olotli, 7s. 

POPE.~A CLASS BOOK of RUBIMENTAEY CHEMISTRY. 

By the Rev. Geo. Pope, M.A., Fellow of Sidney Sussei College, 
Cambridge, and one of the Maelers of the College, Hurstpierpoint. 
18mo, stiff cover, 9rf. 

RAMSAY.— PFtBICAL GEOLOGY and GEOGRAPHY of 

GREAT BEITAIN. By A, C. Eamsat, LL,D., F.K.S,, Ac., Director- 
General of the Geological Surveys of the United Kingdom. Third 
Edition, considerably enlarged, and illnatrated with Numeboub Sbo- 
■noNS and a GEOLOGICAL MAP of GREAT BEITAIN, printed 
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